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Section 9
10 Bits High Speed ADC



What’s ADC ?

¢ The Analog-to-Digital Converter(ADC) converts a signal
from the time/amplitude continuous domain into
a time/amplitude discrete domain.
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Resolution

® The resolution of the converter indicates the number of
discrete values. The resolution determines the magnitude
of the quantization error. (wiki)
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Sample Rate

® The analog signal is required to define the rate at which
new digital values are sampled from the analog signal.

@ This faithful reproduction is only possible if the sampling
rate is higher than twice the highest frequency of the
signal. (wiki)

1111
1110 Quantify
1100
1011
1010
1001 o

1000

0111 9
0110

0101 4 /

0100 Q,
0011 o

0010
0001

Sample Time

7
|

MicrROCHIP

© 2008 Microchip Technology Incorporated. All Rights Reserved. 2019 Winter Elite



PIC24F ADC Architecture

@ Successive Approximation (SAR) conversion, Conversion
speeds of up to 500 ksps. Up to 16 analog input,
10 Bits resolution.

¢ Automatic Channel Scan, .~ i
Selectable trigger source - i j
@ 16 result buffer, Selectable o) A
Buffer Fill modes, micin B naFER R S
multiplexer Alternate. | —
= Value,, [T St —
¢ External voltage reference ... ;
AN9 [— \ AD1CON2
' ' =1 | ED1c01s ] e
Input pins. I8 e
ANwzgi— j_;
AN — V _ AN13 @—:—
ValueAD == ( A Ref X 2"’) — 1 ANMEH— Sample Cantrol | control Logic
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ADC Sample, Conv. Trigger Source

*A complete ADC Sample Conversion
conversion SAMP = 1 SAMP =0

include :sample and oo / e
conversion state. \ \

® There are two sample 1. Manually T 1.Manually(SAMP = 0;)
. i (SAMP = 1;) 2.INTO
tr'gger source. 2.Automatically _L 3.TMR3/TMR5
Manually & Automatically. (ASAM = 1;) 4.Automatically

® There are four conversion
trigger source:
Manually, External interrupt, Timer(TMR3/5) & Automatically.

@ Sample state must go first before conversion state.
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ADC Channel Selection & Gain

@ Any one of up to 16 analog inputs to connect to the
positive input of the S/H.

@ Two options CHOSA/Bx
V. or AN1 o (1L
to connect to e
the negative AN2
input of the .
S/H. : +
@ The real input AN15 |~ 3 e
. . AN1 S
signal is AVSS ﬁ -

positive — negative.
Vref- /‘J /r

CHONA/Bx
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Sample and Conversion Sequence

@ The ADC sample and conversion time are requirements
from the specification.

® The sample time must greater than 1 T, and conversion
time need 12 T,;,. The maximize ADC sample rate is
500Ksps. (T,, must greater than 75nS)

Analog Signal
A A — | Jet lag between
! \EJ | Conversion
E( >€ >! and result.
:Sample: Conversion !
Start Start ADC
Sample Conversion Done
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MCC’s ADC Function

® MCC Provide below common functions:
void ADC1_Initialize(void)
// Initial ADC.

void ADC1_ChannelSelect(ADC1_CHANNEL channel)
// Channel Selection.

void ADC1_CallBack(void)
// Callback function.

void ADC1_Tasks(void)

// Status maintain function, must execute at main loop or ISR.
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MCC’s ADC Function

® MCC Provide below common functions:

void ADC1_Start(void);
// Manually trigger sample state ( SAMP <-1).

void ADC1_Stop(void);
// Manually trigger conversion state ( SAMP <- 0 ).

uintl6_t ADC1_ConversionResultGet(void);
// Read ADC conversion result (get ADC1BUFO)

uintl6_t ADC1_ConversionResultBufferGet(uint16_t *buffer);
// Read ADC conversion results (get ADC1BUFO ~ ADC1BUFn -> buffer[ ])
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Lab9 ADC Single CH Manually




Lab9 ADC Single CH Automatically

@ Try to initial ADC1 module, than use ADC1 to conversion
Potentiometer(VR) voltage.

® Show ADCI1 result to Character LCD Module.

@ ADC1 module set to 10 Bits, Auto trigger sample &
conversion mode.

@ ADCI1 result format is 16 Bits, unsigned, Decimal.

® Please connect RB4(AN4) to Potentiometer(VR1) to get
analog voltage of potentiometer.

®Let’s go!
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Lab9 Hints

@ You can use character LCD module libraries to driver your
LCD. The Libraries is ready. (Character_LCM.c, Character_LCM.h)

@ LCD libraries provide follow common function:
void LCM_Init( ) // Initial LCD Module.
int LCM_IsBusy( ) //Read LCD Module BUSY status. (1:Busy,0:Not Busy)
void LCM_SetCursor( char X, char Y ) //Setting cursor position.
void LCM_PutASCII( unsigned char ) //Put ASCII to cursor.
void LCM_PutROMString( const unsigned char *String )
//Put const string to cursor.
void LCM_PutRAMString( unsigned char *String ) //Put string to cursor.
void LCM_PutHex( unsigned char Hex ) //Put HEX to cursor.
void LCM_PutNumber( unsigned int Number, unsigned char Digit );
//Put number to cursor.
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Lab9 Hints

® You need add LCD control libraries to your project before
invoke it.

¢ Notice ! Invoke void LCM_Init( ) first, before other LCD’s

function.
= x b
Projects x 1 int main(void)
L]:-l A DC R ngleCH & ntarnatically {
—r\:ﬁ Headex File // itialize the devi
r initialize the device
L E e SYSTEM_Initialize();
. [ Imporiant Files s N,
o Lo, LCM_Init();
':r:" Somnua Bl LCM_SetCursor(0, 0);
| ] Charscter LCM e LCM_PutROMString(“Hello World !! "');
e = | matn.c LCM_SetCursor(0, 1);
-~ @{F MCC Generated Fles LCM_PutNumber(1234,4);
. ﬁ' Libraries
-6 Losdables while (1)
{
}
}
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MicrROCHIP

MCC’s bug for ADC for v3.66

BY adclh
1 adelh x|

- Editor

@ ADC channel definition can’t be generated correctly
at v3.66. You must modify adcl.h after generate code.
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Lab9 ADC Single CH Automatically

Result
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Trigger by Automatically
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Lab9 ADC Single CH Automatically
MCC’s Setting & Code Example

= X E3 ADCT - Editor — O X
R Management [MCC] * TR
:so?uce ana.gemen - ADC x| “__”E]@
roject Resources = Generate | Import.. | Export
¥ System ADC1 9 @
Interrupt Module
Pin Module i Fasy Setup | & Registers
S_”'Stem Module ¥ Hardware Settings
Amac
S5 ADCT [PIC24 / dsPIC33 / PIC32MM MCUs by Microchip Tech L] £nable anc
[ORITLE Enable Auto Sampling
& TMR1 T
© MRS Il ADC Clock
- Differential Sampling| AVSS | - |
Conversion Clock So... ‘ FOSC/2 | - ‘ . . ;
< > Conversion Trigger ‘ Internal counter ends sampling and starts con... | ~ ‘
. @ | - Conversion Clock 16 T...
Device Resources | < | Output Format ‘ Absolute decimal result, unsigned, right-justified | v ‘
Acquisition Time - T..
Positive Voltage Ref | AVDD
TAD: 1.0E-bs
Negative Voltage Ref | AVSS
D Enable ADC Interrupt
Selected Channels
Channel Custom Name Scan Enable
CHANNEL VBG/2 L]
CHANNEL VBG L]
AN4 VR1 L]
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Lab9 ADC Single CH Automatically
MCC’s Setting & Code Example

B3 Pin Manager: Grid View - Editor - O X
Pin Manager: Grid Wiew "I LEE)
Package: ‘ QFNB4 | > || PinNo: |1413[12/11/17[18|21 22 23|24|27 28 29 30|39 47 48 40|46 49 50 51|52|53 54 55|42 |43 44 45|60
PortB v | PortCy | PortD ¥ |
([ Module | Function | Direction | 2 3 4 516 7 8 0 10111213 141512 13)4/15/0|1]2 3 4|5|6|7|8 9|1011]0
ANx input I A A - A
RO REPT T
WVREF- input I T Sy [ I I S [ [y [ T [ I I S S | ‘
CLKI input ¥4 Pin Module - Editor - o X
CLKO output —
o input Pin Module = |Gl
Clock ¥
OSCO output Pin Module e e
SOSCI input
SOSCO_ loutput | & Easy Setup | = Registers
PGCx input K]
Y oD input - e Selected Package : QFN64
. . o|GPIO input BB BE B B B B PinName4 | Module Function | Custom N..| StartHigh Analog Output WPU WPD oD 10C
3
O |0 |0 O |0 d [w]
RB1 ICD PGEC1 |_| |_| ’_‘ |_| |_|
Res ADC] AN VRI [] [] N [] []
RB7 Pin Module |GPIO D1 l:‘ D l:‘ l:‘
RB8 Pin Module |GPIO D2 l:‘ l:‘ D l:‘ l:‘
RB9 Pin Module |GPIO D3 |:| D |:| |:|
RB10 Pin Module |GPIO D4 l:‘ l:‘ D l:‘ l:‘
RB14 Pin Module |GPIO D3 l:‘ l:‘ D l:‘ l:‘
RC12 INTERNAL ... |OSCI l:‘ l:‘ D l:‘ l:‘
RC13 Pin Module |GPIO S1 l:‘ l:‘ D l:‘ l:‘
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Lab9 ADC Single CH Automatically
MCC’s Setting & Code Example

typedef enum

4 {

volatile unsigned int ADCResult; ADC1_VR1 = 0x04,

int main(void) ADC1_CHANNEL_VBG_2 = 0x10,

{ ® ADC1_CHANNEL_VBG = 0Ox11,
ADC1_MAX_CHANNEL_COUNT =3
ADC1_ChannelSelect(ADC1_VR1);

} ADC1_CHANNEL;
while (1)
{

ADC1_Tasks();

}
}

void ADC1_CallBack(void)
ADCResult = ADC1_ConversionResultGet();

LCM_SetCursor(4, 1);
LCM_PutNumber(ADCResult, 4);

}
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Lab9 ADC Single CH Automatically

Block Diagram

— —>|  ADCxBUFO

Sample Conversion
SAMP = 1 SAMP = 0

OC < ADC
\ AN

1. Manually T 1.Manually(SAMP = 0;)

(SAMP = 1;) 2.INTO
2.Automatically _L_ 3.TMR3/TMR5

(ASAM = 1;) ~ 4.Automatically
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Lab10 ADC Single CH Timer Trigger




Lab10 ADC Single CH Timer Trigger

@ Try to change conversion trigger source to timer 3.
@ Timer 3 period set to 50mS.
@ ADCI1 Settings same as Lab9.

®Let’s go!
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Lab10 ADC Single CH Timer Trigger

Result
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Lab10 ADC Single CH Timer Trigger
MCC’s Setting & Code Example

¥4 ADC1 - Editor — O X
ADC1 *| EO
ADC1 [? HINE]

0 Easy Setup | E Registers

¥ Hardware Settings

Enable ADC

Enable Auto Sampling

ADC Clock

Differential Sampling| AVSS | v |
Conversion Clock Sou... ‘ FOSC/2 | v ‘ . .

Conversion Trigge ‘TMR3 | v ‘
Conversion Clock 16 T : - - —

Output Format ‘ Absolute decimal result, unsigned, right-justified | > ‘

Acquisition Time

T.
Positive Voltage Ref | AVDD
Negative Voltage Ref | AVSS -

TAD:

B3 TMR3 - Editor

D Enable ADC Interrupt

TMR3 x|

Selected Channels TMR3

5 Easy Setup | = Registers
y P 2

Channel Custom Name Scan Enable ¥ Hardware Settings

CHANNEL VBG/2 |:| Enable TMR D Enable Gate
Timer Clock Timer Period

CHANNEL VBG []
Clock Source - Pericd Count Qi ANETaIaY QuEEEE

AN4 VR [] -

Input Frequ... 16 MHz Timer Period 4us< 50ms < 262.14ms
Prescaler 1:64 - Calculated Perio SO

[ ] Enable Timer Interrupt

¥ Software Settings

Callback Function Rate: | 0x1 xTimer Period = 50 ms
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Lab10 ADC Single CH Timer Trigger

Block Diagram

— —>|  ADCxBUFO

>
T~
Sample Conversion Trigger ADC
SAMP =1 SAMP =0 (Timer 3 Only)
| /— TGATE O P'f‘?’
! qpa
0\! o ADC )0/ «——o0——Comparator
\ 0
1 > TMR3
1. Manually T 1.Manually(SAMP = 0;) T3IF Reset
(SAMP = 1;) 2.INTO
2.Automatically _L 3.TMR3/TMR5 <
(ASAM = 1;) 4.Automatically Y
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Automatic Channel Scan

@ Multiplexer A support channel scan function.

® Channel switch at each conversion done.

@ Inputs are always
scanned from
lower to higher
numbered inputs,
starting at the
first selected
channel after
each interrupt
occurs.
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B4 ADCT - Editor - O X
apcl x| anjole
ADC1 e
|£\,f Easy Setup‘ E Registers
¥ Hardware Settings
Enable ADC
Enable Auto Sampling
ADC Clock
DifferentiaISampIing| AVSS | - |
Conversion Clock So... ‘ FOSC/2 | - ‘ . .
Conversion Trigger | TMR3 | h |
Conversion Clock 16 T.. - - - .
Output Format | Absolute decimal result, unsigned, right-justified | A |
Acquisition Time - T..
Positive Voltage Ref | AVDD -
TAD: 1.0E-65
Negative Voltage Ref | AVSS -

Enable ADC Interrupt

Selected Channels

Channel Custom Name Scan Enable
CHANNEL VBG/2 L]
CHANNEL VBG =
ANS VR2
AN4 VR1

rknrk +Nn
A\ | \ =\ ) W

Enable Scan

2019 Winter Elite



Lab11l ADC Scan with Interrupt




Lab1l1l ADC Scan with Interrupt

@ Try to enable channel scan function to conversion more
analog signal by ADC1.

@ Change ADC1 code style from polling to interrupt.
@ ADC1 interrupt priority set to 5.

® Please connect RB5(AN5) to Potentiometer(VR2) to get
analog voltage of potentiometer, also.

®Let’s go!

MicrROCHIP
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Lab1l1l ADC Scan with Interrupt

Result
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Lab11l ADC Scan with Interrupt
MCC’s Setting & Code Example

¥4 ADC1 - Editor — O X
ADC1 = LDIEO
ADC1 eolle

8% Easy Setup | = Registers
Y P g

¥ Hardware Settings

Enable ADC

Enable Auto Sampling

ADC Clock
Differential Sampling ‘ AVSS | v ‘
Conversion Clock So... ‘ FOSC/2 | v ‘ . . I 1
Conversion Trigger ‘ TMR3 B3 Interrupt Module - Editor - O X
Conversion Clock 16 T. - : - —i I IVEG
Output Format ‘ Absolute decimal result, unsigned, right-justifig| Derrupt Moduls —
Acquisition Time - T.. Interrupt Module @ E
Positive Voltage Ref | AVDD -
TAD: 1.0E-65 % Easy Setup
Negative Voltage Ref | AVSS -
Interrupt Manager
Enable ADC Interrupt Module Interrupt Description IRQ Nu...| Enabled | Priority
S e SEI TR ADC1 ADI ADC1 - A/D Converte... [13 i 5
Channel Custom Name Scan Enable — = itk Wl .
TMR2 Tl T2 - Timer2 7 C4E
CHANNEL VBG/2 D TMR2 NI T3 - Timer3 g L
CHANNEL VBG |_| TMR1 Tl T1 - Timer1 3 i 4
ANS VR2
AN4 VRI
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Lab1l1l ADC Scan with Interrupt

MCC’s Setting & Code Example

MicrROCHIP

B3 Pin Manager: Grid View - Editor - O X
Pin Manager: Grid Wiew "I YOG
Package: ‘ QFN64| - || Pin No: 16|15|14‘13‘12‘11|17|18|21‘22‘23|24|27|28‘29‘30 39|47|4s‘40 46|49|50|51‘52‘53|54|55|42‘43‘4:”
PortB ¥ PortC v PortD ¥
[l Gdule | runction |Direction | 0 1] 213141510 7|8 0 10[11[12[13[14[15])2/13|14/15/0|1|2|3|4|5|6|7[8|9|1
ANx input m'am'm 8 6 v'a's's's|d|EE S
T erT T L.l
VREF- in:ut L] :
CLKI input E3 Pin Module - Editor - O X
CLKO output - 4 ¥
oscl input Fin Module * LYEE
Clock ¥ —
0sco output Pin Module 2 BINE
SOSCI input
SOSCO tput = Bt
e i[::)Etu 3 e |{§}Easy Setup| = Registers
oY D input a - a Selected Package : QFN64
. GPIO input wlBlaBwls alwBEE E il PinNamea | Module Function | Custom N...| Start High Analog Output WPU WPD oD 10C
d RBO ICD PGED1 ] ] ] ] m ] =
RB1 ICD PGECT [] [] [] [] L] [] -
RE4 ADC1 AN4 VR [] [] [] L [] no. | =
RB5 ADC1 ANS VR2 ] ] [] L] []
RB7 Pin Module |GPIO D1 ] [] ] [] no.. | =
RBS Pin Module |GPIO D2 ] ] [] N []
RB9 Pin Module |GPIO D2 ] [] ] []
RBE10 Pin Module |GPIO D4 ] ] [] L] []
RB14 Pin Module |GPIO D8 ] ] [] ] []
RC12 INTERNAL . |OSCl L] ] [] B ] -
RC13 Pin Module |GPIO s1 N O | m ] -
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Lab11l ADC Scan with Interrupt
MCC’s Setting & Code Example

volatile unsigned char AD1Flag;
volatile unsigned int ADCResult[2];
int main(void)

while (1)
{

if (AD1Flag)
{

AD1Flag = 0;

LCM_SetCursor(4, 1);
LCM_PutNumber(ADCResult[0], 4);
LCM_SetCursor(13, 1);
LCM_PutNumber(ADCResult[1] >> 1, 3);

}
}
}
void ADC1_CallBack(void)
{

ADC1_ConversionResultBufferGet((uint16_t *) ADCResult);
AD1Flag = 1;
}
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