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Learning Resources

The upcoming slides are adapted from “Embedded Systems
with ARM Cortex-M Microcontrollers in Assembly Language
and C (Fourth Edition)” — Yifeng Zhu

* Analog input and output - chapter 18

Embedded Systems
with ARM Cortex-M
Microcontrollers in
Assembly Language and C

Fourth Edition

Dr. Yifeng Zhu




Analog-to-Digital Converter (ADC)

clock l

Analog signal x(?) Resolution Digital values x(n)

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

v

v




ADC: Resolution

* Resolution: number of binary bits in ADC output.

VREF

input

V-
ADC OU,tp‘u,t = round (ZN—l) X input
LG?ET’

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

Example: for 10-bit ADC, V, ,, =1V, Vg =5V

input

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



ADC: Quantization Error

e Resolution N: number of binary bits in ADC output

V.
ADC Output = round | (2N—1) x =2
VREF

11 Example: Resolution = 3 bits

Least significant bit (LSB) voltage

—— ADC Output T
110_,___,__Idealout Ut ................. ............... o R V
P g ) 5/ LSB = NREF
% 1090 A T i 2V —1
8 DV
= 100+ ................. ........ — / ............ ............... _ Max quantization error = i'yz LSB
O : : : :
= | LA e |
8 i - -7 - 1LSB Example: 3-bit ADC and input range [0, 5V]
% 010k oo i S ................. ............... i 1
L : : : . .
- 2 LSB 5 Max Quantization Error = + - LSB
001k - R ................. ................. ................ _ 2
. i | 51
000, 1 2 3 4 5 =+
Voltage Input (V) 2 X (23-1)

= 10.357V



What sampling rate do we need?

Nyquist—Shannon Sampling Theorem

fsampling =2 fsignal

time —

http://195.134.76.37/applets/AppletNyquist/Appl_Nyquist2.html



ADC Architecture

! INDUSTRIAL
&~ MEASUREMENT

24
VOICEBAND,
25 AUDIO
DATA

20 ACQUISITION

HIGH SPEED:
18 - INSTRUMENTATION,

VIDEO, IF SAMPLING,
16 - SOFTWARE RADIO, ETC.
147 - Popular ADC Architectures:
12 1 * Sigma-delta (2-A),

RESOLUTION (Bits)

=== CURRENT , .
STATE OF THE ART * Successive-approximation (SAR)

10 - (APPROXIMATE) * Pipeline

\
1

-

8 1 || 1 || I ] I

10 100 1k 10k 100k 1M 10M 100M 1G
SAMPLING RATE (Hz)

https://www.analog.com/en/analog-dialogue/articles/the-right-adc-architecture.html



Successive-approximation (SAR)
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Determining Minimum Sampling Time

!

09502 T 1 LSB

0.8647

06321

n

Ve

0.3835 -

o 0.5 1 2 3 5
N tTc
~

sampling time

e Sampling time is software programmable
* Sampling time must large enough to settle within 72 LSB



Successive-approximation (SAR) ADC

1000F ——— .
0.875+
T 1100
IR N A,y
—— - L  Binary search algorithm to gradually
approaches the input voltage
ee0
e Settle into £% LSB bound within the
time allowed
Viac
: : : —>
A Ve J Time (cycles)
Sampling Conversion

N cycles for N-bit ADC 0



ADC Conversion Time

TADC — Tsampling + TConversion

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

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

Typc =4+ 6 =10 cycles = 0.625 us
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Data Alignment

15 15 0
0000000000 6 bits 00000000 6 bits
00000000 8 bits 00000000 |8 bits
000000 10 bits 000000 |10 bits

12 bits 12 bits

Left alignment for a

Right alignment for a
regular channel

regular channel
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ADC with Polling (Busy Waiting)

Main program
(ADC in single conversion mode)

Software starts one ADC

conversion on a single
HAL_ADC_Start ~hannel”

HAL_ADC_PollForConversion Hardware sets

EOC_MST if done.

HAL_ADC_GetValue

Repeat if more
conversions are needed



ADC with Interrupts

Main program

Configure and Starts

An ADC interrupt
request arrives.

14

ADC

|

void

HAL_ADC_ConvCpltCallback(ADC HandleTypeDef

*had

c){
if(hadc==(&hadc2)){

adc_val = HAL_ADC_GetValue(hadc);
}




ADC Triggered by a Timer

VREF
ADC
Vinput Digital Output
clock trigger
ADC clock ” ” ” ”
H[WHIW’H‘ Timer TRGO
Timer clock clock 1

OC1REF

Channel #1
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ADC Conversion Modes

Single Channel Mode Scan Mode

Channel x

Channel x Channel x

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

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

16



ADC: Regular vs injected

D

16MHz HSI| || Divider (1, /2, /4)

*ADC—CLOCK Injected Data Register 1
Analog to Digital Converter
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