Analog-to-Digital Converter (ADC)

LAB — ADC - DMA

Zpracovano podle podkladll Dr. Yifeng Zhu



Analog-to-Digital Converter (ADC)
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Analog signal x(7) Digital values x(n)

* Resolution

continuous time * Quantization error discrete time
continuous amplitude * Sampling rate discrete amplitude



ADC: Resolution

» Resolution: number of binary bits in ADC output.

VREF

V.
ADC Output = round ((ZN—l) o mput)

input VeEF

clock * N:resolution
*  VRgeg: the maximum input voltage that
can be converted by the ADC

Example: for 10-bitADC, V, .. = 1V, Vg = 5V

input

1
ADC Output = round (1023 X g) = round(204.6) = 205 = 0xCD



ADC Output Code

ADC: Quantization Error

» Resolution N: number of binary bits in ADC output.

V.
Digital Result = round | (2¥—1) x input
VREF

Example: Resolution = 3 bits

111 ; ; > Least significant bit (LSB) voltage
—ADC Output : R
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Example of Quantization Error
e B analog signal
A
- \\ __—qunatized signal
/ N
A /, LSB /qunatization error
044 S NN \ NN
. 4 LSB A
LSB | k  {
\\ /
\\ //

Marek Gasior; Analog digital conversion, CERN Beam Instrumentation Group, Bl CAS 2018, Tusula, Finland
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ADC: Sampling rate

» Number of ADC output samples available per unit time.

a . input sinal

,/"trigger level"

sampling clock



ADC Architecture
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Popular ADC Architectures:

INDUSTRIAL » Successive-approximation (SAR)
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https://www.analog.com/en/analog-dialogue/articles/the-right-adc-architecture.html



Successive-approximation (SAR)
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Determining Minimum Sampling Time

0.8502 -

0.8647 ¢ 4 R

06321 4 _: C

VelVin

03835~
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v

sampling time

» Sampling time is software programmable
» Sampling time must large enough to settle within 2 LSB



Programming ADC Sampling Time

HSI Clock ADC Clock
N Prescaler S
|6 MHz RERCES

default prescaler =1

A 4

ADC sample time registers
(SMPR1 and SMPR2)



Successive-approximation (SAR) ADC

T * Binary search algorithm to
0.875T gradually approaches the
__________ 110 input voltage
—_— —— 0690 ¢ Settle into £'2 LSB bound
L .. within the time allowed
1010
1000
Vdac
—t—t——
~ J Time (cycles)

Sampling Conversion



ADC Conversion Time

TADC = Tsampling g TConverSion

Suppose ADC clock = 16 MHz, and Sampling time = 4 cycles

For 12-bit ADC
Tapc =4+ 12 =16 cycles =1 us
For 6-bit ADC

Tipc =4+ 6 =10cycles = 0.625 us



ADC: Regular vs injected

16MHz HSI | Divider (1, /2, /4) O\
vADC—CLOCK Injected Data Register 1
Analog to Digital Converter ”
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ADC Conversion Modes

Single Channel Mode Scan Mode

G G G G

Channel x

Channel x

( stor )

Single Channel, Single Single Channel, Continuous
Conversion Mode Conversion Mode Channel z Channel z
CONT in ADC_CR2=0 CONT in ADC_CR2 =1
SCAN in ADC_CR2 =0 SCAN in ADC_CR2=0

G

Scan Mode with Single Scan Mode with Continuous
Conversion Conversion
SCAN in ADC_CR2=1 SCAN in ADC_CR2 =1

CONT in ADC_CR2=0 CONT in ADC_CR2=1



Example 1: ADC with Polling (Busy Waiting)

Main program
(ADC in single conversion mode)

Software starts one ADC

conversion on a single channel.
ADC1->CR |= ADC_CR_ADSTART; il

Wait until EOC_MST is set in ADC Hardwarfa sets
common status register (CSR) EOC_MST if done.

Result = ADC1->DR;

Repeat if more
conversions are needed



Example 2: ADC with Interrupts

Main program

Configure and Starts
ADC
void ADC1_2_ IRQHandler(void){
. if (ADC1->ISR | ADC_ISR_EOC){
An ADC interrupt buffer[i] = ADC1->DR;
request arrives. i++;
}
}

<€



Example 3: ADC Triggered by a Timer

Vinput Digital Output
trigger
ADC clock ” ”
(Hlf“"”l Timer TRGO
Timer clock clock

OC1REF

Channel #I



S

main program

start timer

Wait for
ADC_Done = 1

Process Data

Repeat

xample 3: ADC Triggered by a Timer

TRGO signals

“nterrupt reques;c}

uint ADC_Done

void ADC1_2_IRQHandler(void){
if (ADC1->ISR | ADC_ISR_EOC){
result[i] = ADC1->DR;

i++;

Make N sampling



Example 4: ADC Triggered by a Timer with DMA

main program

start timer

-——>

Wait for
DMA_Done =

Process Data

Repeat

DMA copies ADC DR
register to memory

after each conversion.
TRGO signals
DMA

1

request
bt

interrupt
request

uint DMA_Done = 9;

void DMA1_Channell_IRQHandler(void){







