Analogue signals acquisition
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Intoduction

The intent of this and a few next lectures is to introduce the students to the most
commonly used transducer interfaces and to provide practical information for
dealing with the most frequently encountered transducers and their associated
signals.

Transducers are available for measuring many physical quantities, such as
temperature, pressure, strain, vibration, sound, humidity, flow, level, velocity,
charge, pH, and chemical composition, among others. In most cases, the
transducer manufacturer provides application notes on the transducer’s use and
principles of operation. The main questions to consider when selecting a
transducer are:

« the electrical characteristics - source impedance, amplitude, frequency,

* power supply or excitation

* transducer’s accuracy (taking frequency and range into account)

ecalibration method

« verification of calibration

* environment of operation (temperature, humidity, vibration, pressure, etc.)

General controll schematic outline

«impedance
transformer
~amplifier
*multiplexer
eisolation

analogue
isolation

OBJECT \ ADC

UNDER
CONTROLL

enviroment

This elements can have different
configuration !!!!

Resolution




ADC - resolution and SNR
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Channel Capacity [bit / second]
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ADC Analog to Digital Converters

¢ parallel converter — flash

® successive approximation

e pipeline

e voltage to frequency

e integrating converter (two, four slop)
o delta-sigma converter

ADC — parallel (flash)
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2-step converter
(direct, serial, pipeline)

eatures (compared to ,flash”):
lower number comparators
higher conversion time

more popular (cheaper)
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ADC - voltage to frequency
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Four slope converter - ,principle” of corrections
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Oversampling ,Z-A” converter
- general principle

Resolution

ADC - resolution and SNR
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Noise shapingin ,Z-A” converter
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Conventional converter
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Oversampling

2nd order ,A-Z” converter
number od bits

(resolution)

1st order ,A-%" converter

traditional

oversampli
with s converter

N+l Shaping /

oversampling

1 4 16 64 256 OSR= 21’5&
S

oversampling ratio

Noise shapingin ,,A-2” converter
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Example of ,A-X” converter
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Lab setup of pressure sensor

General comparison of
AD converters
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ADC Errors - offset
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ADC Errors — missing codes

A\ Reading

S
Cd

Voltage

ADC Errors - noise (interferences)

Controlling noise is first step to measure
anything.

Spending money for accurate and high
resolution ADC can be worthless when
measuring signal is interfered by high level
noise.

noise level should be smaller than
resolution

Digital to analog conversion
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Ladder network
converter without any amp

Isolation

® Optical
* Magnetic
e Capacitive

¢ Analogue
 Digital




,Digitaly” isolatet analog signals
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Opto-isolatin of 4-20mA loop
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Isolation by Pulse With Modulation (PWM)

(Burr Brown — advertisement materials)
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Multiplexing

o direct (small signal) multiplexing
o buffering — multiplexing

e simultaneous s/h

e digital multiplexing

direct multiplexing

single ended
or differential
inputs
MUX
GAIN !!
different for
different
signals
ADDRE
S

ADC

Input buffering

GAIN It
different for
different
signals

single ended
or differential MUX
inputs

GAIN !!

not nessesery

singe ended "

inputs ADDRE
S

ADC
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multiplexing with simultaneous reading
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MOSFET switches overview

Type Manu- Function On Voltage Power Response
facturer resistance range dissipation time
‘Without level translator, unprotected
74HC4016 Philips 4 x SPST 65Q 0...12V 10pW 10ns
74HC 4053 Philips 3 x SPDT 60 Q2 0...12V 10pW 20ns
74 HC 4066 Philips 4 x SPST 35Q 0...12V 10uwW 20ns
MAX 4522 Maxim 4 x SPST 60Q 0...12V 10puW 10ns
SD 5000 Vishay 4 x SPST 30Q 10V 10pW Ins
Fast switching (< 100 ns)
HI201 HS Intersil 4 x SPST 30Q +15V 120mW 30ns
74HC4316 Philips 4 x SPST 65Q + 5V 10uW 20ns
DG611 Vishay 4 x SPST 18Q + 5V 20uW 15ns
Low power (< 100 pW) and low on resistance (< 100 )
ADG511 AnalogD. 4 x SPST 30Q +£20V 20 uW 200ns
DG 403 Intersil 2 x SPDT 30Q +15V 20 uW 150ns
DG4l11 T rersil 4 x SPST 30Q +15V 30uW 150ns
LT221 Lin. Tech. 4 x SPST 70Q +15V 10uW 250ns
MAX 351 Maxim 4 x SPST 22Q +15V 35uW 150ns
DG 405 Vishay 4 x SPST 20Q +15V 10uW 160 ns
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MOSFET switches overview cont.

Low on resistance (< 100 £2)

ADG211 AnalogD. 4 x SPST 60Q +15V 10pW 200ns
ADG 333 Analog D. 4 x SPDT 20Q +15V 1uw 150ns
ADGA451 Analog D. 4 x SPST 5Q +15V 20uW 60ns
MAX 4602 Maxim 4 x SPST 2Q 15V 1pw 180ns
CDG271 Vishay 4 x SPST 32Q +15V 150 mW 50ns
High voltage (> £30V)

HV 348 Supertex 2 x SPST 35Q +50V 10mW 500ns
High off attenuation (> 40dB @ 100 MHz)

HI222 Intersil 2 x SPST 3sQ +15V 75mW 90ns
MAX 4545 Maxim 2 x SPST 50Q + 5V 1uw 100ns
DG 540 Vishay 4 x SPST 30Q + 6V 60 mW 30ns

Understanding switches description

SPST  —o o —

o——
SPDT e P
—— Single(Double)Pole
—a/ei
DPST - Single(Double;Triple)Thro
W
e
DPDT —
e
o——
SPCO - centere off
Analogue multiplexers
Manu- Function On Voltage Power  Response Data
facturer i range  dissipati time latch
itching (< 100 ns),
74HC4051  Philips 1x8 60Q +5V 10pW 20ns  no
74HC4052  Philips 2x4 60Q +5V 10uW 20ns  no
74HC4053  Philips 3x2 60Q +5V 10uwW 20ns  no
Low power (< 100 pW)
DG 406 Maxim 1x16 80Q +15V 20uW 300ns no
DG 408 Maxim 1x8 80Q +15V 20uwW 200ns  no
DG 685 Vishay 1x8 55Q +15V 10puwW 160ns  yes
High input protection (> +30V)
Maxim 1x8 2kQ +15V 2mW 300ns  no
Intersil 1x8 80Q +15V SmW 200ns  no
High voltage (> +30V)
HV 22816 Supertex 1x8 2Q +80V 2mwW 4us  yes
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SH — sample and hold — basic circuit
to be continued during next lectures

Rout=O Rin= «©

Time acquisition channel

| UL ADC

3 > &>

external settle time T, [ns- Settle time of ADC T, [ns-us]

us]
1

>\T*+T}2 =T fm,=N

sample 1 2 7 Fsettle .
channel sample

Summary

e Aquisition system —general diagram
e ADC - general information

o isolation methods

e Multiplexing problems

e Sample & hold — sampling frequency
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quantization noise ratio ?

AD converters.

analog and digital systems ?

Test questions (an example):

 In digital to analog conversion, what is the signal to

e What is the relationship between SNR and Channel Capacity ?
* Describe relationship between sampling ratio and resolution of

e What are basic principles (methods) of galvanic isolation in

Multiplexers & switches —
more about in

,,AD/DA converters lecture”

High- and moderate-resolution windows
1 Rectangular window
2 Hann window

3 Hamming window

4 Tukey window

5 Cosine window

6 Lanczos window

7 Triangular windows

8 Gaussian windows

9 Bartlett-Hann window
10 Blackman windows
11 Kaiser windows
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Windowing

Low-resolution (high-dynamic-range) windows

1 Nuttall window, continuous first derivative

2 Blackman—Harris window

3 Blackman—Nuttall window
4 Flat top window

Windowing

Other windows
1 Bessel window
2 Dolph-Chebyshev window

3 Hann-Poisson window

4 Exponential or Poisson window

5 Rife-Vincent window
6 DPSS or Slepian window

Main and side lobes

*Leakage" from a sinuseid (rectangular window)
T

0
1 Main lobe

Sidelobe level

L

decibels
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Windowing
rectangular window

Wi Brtion bl

Spectrl aknge” YO  feST gy Wl S0

Windowing
Hann window

PR
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Froquancy rosgonss (Hans)

Windowing
Hamming window

Frocucy faspinse (Harmng
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Stopband attenuation of different window

— Rectangular
— Gauss o=4
— Hamming
— Hann

— Bartlett

— Bartlett-Hann
— Blackman
— Kaiser 0=2
Kaiser o=3
--- Nutall

--- Blackman-Harris
Blackman-Nutall
--- Flattop

normalized Frequency 1
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