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Course Description

 MCUs provide the foundation on which the loT is being
created and at some point the digital Microcontroller world
needs to meet the real analog world.

 Whether with analog sensors, coils for mechanical actuators
or motors, high temperature thermocouples or simple battery
level detectors connecting to the analog world is required.

* This course is an overview of the many types of analog and
linear peripherals available for loT applications, and quick
description of the most common peripherals.

* Some specialized analog elements will also be included. Some
example implementations will provide a ‘hands-on’ element
for the course. Presented by:
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Today’s Topics

Using Analog to Digital conversion is the most common method
for sensing the loT physical environment.

* How do A to D converters work?

 What are the key specifications for A to D Converters?
 What are typical uses in the loT?

* Where can you find example designs?

 What resources are available to learn more?
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What is An A to D Converter?

What is an ADC?

Reference
* Mixed signal device ‘
> Analog input
o 0 Analog ADC Digital
> Digital output Input Output

Converts continuous time signals (analog) to discrete binary
coded form (digital)

> For micro analysis of the signal
> To enable digital transmission or storage of the signal

Voltage or current based

Dependent on reference

Digi-Key Product Training Module: Maxim Presented by:
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Types of ADCs

Four Technology Types of ADCs

* Flash * SARs (successive approximation register)
* Pipeline « Sigma Delta (Z4)
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Pipeline Architecture
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Sigma Delta ADC

Sigma Delta Architecture ’

Integrator
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Applications for ADCs

* Flash * SARs (successive approximation register)
* Pipeline » Sigma Delta (Z4)

Industrial Measurement,

Medical
A Voice,
24— / Audio

Data
Acquisition

Video, Instrumentation,
IF Baseband, Radar

Resolution (# of bits)

10 100 1K 10K 100K 1M 10M 100M 1G 10G

A 4

Samples per Second
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Key ADC Parameters- Resolution

* Resolution pr—p

Low Resolution High Resolution

Voltage Reference=5V, and 16-bit ADC
A single step is 5V/216=75.3 uV =1 LSB (least significant bit)
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Key ADC Parameters Error

* Offset Error

* Converter Gain Error GainError
Ideal
ADC
=
o Ideal 'g
< ADC S i
g_ - Measured
= Do 3_ Transfer
8 Measured = Function
Transfer @) | |
Function
Offset )
| Error| ! | | | | | | | | | | |
Analog Input Analog Input
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Key Parameters- Linearity

* INL (Integrated Non-Linearity) Error
* DNL (Differential Non-Linearity) Error

Measured Measured
Transfer Transfer
/ Function / Function
@ —t ¥
3 Ideal o Ideal
ADC 3 ADC
= N © \
o N\ ~>| < INL=+4051LSB ‘5 ] <— 40.5 LSB step; DNL = -0.5LSB
5 o
o - < INL=+1158 5
(@)
- |~ 2 LSB step; DNL = +1 LSB
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Analog Input Analog Input

Presented by:

CONTINUING
- EDUCATION
DesignNews 13 CEC CENTER




ANWCCOD
AVSED
VREFHD

VREFLD

AND21
-

H
ANDIT
AND1S, ANDDE

ANDOS
ANDDL

ANDDZ
AMNDOZ

ANDI

AMNDOOD

PGEAVEED00

Design

A ‘Real’ MCU-based ADC
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» Hardware Resources

* Operating Modes

« Qutputs

Intemupt requests
{ADC120_ADI, ADC120_GBADI,
ADC120 CMPALADCI20_CMPEI)

Event output o the ELC
{ADC120_ADI, ADC120_WCMPM,
ADC120_WOMPLIM)

SYNCAFGNAUS tMgger
{ELC_ADAQD, ELC_ADO1)

Asynchronaus rigger
(ADTRGO)
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New Thread Stacks

A ‘Real’ MCU-based ADC

& &

!

g_sf_adc_periodic0 ADC Periodic Framework on sf_adc_periedic

\

\ 1

g_adcl ADC Driver
onr_adc

_timerD Timer
river on r_gpt

g_transfer) Transfer
Driver on r_dtc

Function | Example API Call and Description
Name
.open g_sf_adc_periodic.p_api->open(g_sf_adc_periodic.p_ctrl,
g_sf_adc_periodic.p_cfg);
Acquires mutex, then initializes driver at the HAL layer
.start g _sf_adc_periodic.p_api->start(g_sf adc_periodic.p_ctrl);

DesignNews

Software Actjvation
sk
] \ N\
Starts the scan.
.stop g_sf _adc_periodic.p_api->stop(g_sf_adc_periodic.p_ctrl);
Stops the hardware trigger (timer) from triggering any more ADC scans.
.close g_sf _adc_periodic.p_api->close(g_sf_adc_periodic.p_ctrl);
ISDE Property Setting \ Description \
Parameter Checking Enabled, Disabled, BSP Selects if code for parameter checking is Re|EaSES Chann8| mUteX and C|OS€S Chann8| at HAL |ayer.
(Default: BSP) to be included in the build

ISDE Property se| Name ISDE Property setting Destription \
Parameter Checking En| Name of the daf raramster Checking = - = —

(D] buffer to store s {D ISDE Property Setting Description
Name D Length of the d wame oo Parameter Checking Enabled, Dizabled, B3P Selects i code for parameter checking iz
Name of the data- D{ buffer Name of the data- D [Defaut: B5F) — to beincluded in the buld
buffer to store samples Number of samy] buffer to store sampies Name Defauit: g 5f_adco_periodico ADC Periodic Frameworkmaodule name
Length of the data- pd iterations Lenzth of the data- oo Nameofthe dats Defau't: g user_buffer Mame of the 16-bit data bufferto store
buffer GPT Timer chan| puffer buffer to store samples samples. _ _
Number of sampling D used to trigger | numberof zampling e Length ofthe data- Default: 138 Length of the buffer to which datais to
iterations Callback iterations buffer . be stored.
GPT Timer channel Dg GPT Timer chann el ol _Numlge'ofsamp nz Defaut: 10 _Numl_:e'ofsawpes captured per
used to trigger the scan uzed totrigger the scan terations teration
Callback Dd Calback oo GPT Timer chann el Default: Channel 0 Channe! uz=d to generate the ELC event

e = ] usedtotrigger the scan entry scan_trigger.

T - [ caback Defauit: User function that will be called once

g_adc_framework_user_callback | The number of sampling iterations of
data has been buffered.
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A ‘Real’ MCU-based ADC

Thread Entry

f N
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Resources for this Class

Product Training Modules

* Analog Devices: ADC Architecture

http://www.digikey.com/en/ptm/a/analog-devices/data-converters-adc-
architecture

e Maxim: ADC Overview

http://dkcl.digikey.com/US/en/TOD/Maxim/MAX1301ADC/MAX1301ADC.
html

Application Notes

* Maxim: Understanding SAR ADCs
https://www.maximintegrated.com/en/app-notes/index.mvp/id/1080
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http://www.digikey.com/en/ptm/a/analog-devices/data-converters-adc-architecture
http://dkc1.digikey.com/US/en/TOD/Maxim/MAX1301ADC/MAX1301ADC.html
https://www.maximintegrated.com/en/app-notes/index.mvp/id/1080

Course Resources (Product Training
Modules)

Digital to Analog Converters:

*http://www.digikey.com/en/ptm/r/renesas-electronics-america/digital-to-
analog-converter-part-1

*http://www.digikey.com/en/ptm/r/renesas-electronics-america/digital-to-
analog-converter-part-2

*Concerto Analog Sub-system: http://www.digikey.com/en/ptm/t/texas-
instruments/microcontrollers-concerto-training-topic-5-the-analog-sub-

system
PSoC Analog Co-processor:

*http://www.digikey.com/en/ptm/c/cypress/psoc-analog-coprocessor

Peripheral Devices:

*Maxim ADChttp://www.digikey.com/en/product-highlight/m/maxim-
integrated/max11410-24-bit-multi-channel-low-power-adc
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Course Resources (MCUs)

 Atmel http://www.digikey.com/en/product-highlight/a/atmel/sam-v-
microcontrollers

* Microchip http://www.digikey.com/en/product-
highlight/m/microchip-technology/pic32mm-mcu-family

 Renesas RL78 http://www.digikey.com/product-detail/en/renesas-
electronics-america/YRDKRL78G13/YRDKRL78G13-ND/2796058

* Texas Instruments http://www.digikey.com/product-detail/en/texas-
instruments/MSP-EXP430G2/296-27570-ND/2331789
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