Digital measurements
and digital instruments



Analog instruments - some history
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Types of digital instruments

1. . Traditiona” instruments

bench-top and hand-held multimeters
R,L,C, Z Q-meters | ee :
frequency meters \ [ ©®e - @ 4
counters & o — it st 54

2. Computer cards

electrical signals + software
time, frequency

non-electrical quantities

3. Virtual Instruments

computer processeing and visualization of data



Digital multimeter (DMM)

display

attenuator

/[:]/ AC/DC




Digital measurement chain
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natural binary code
codes with sign
BCD
Gray code
coding
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Basic codes

.

\5.5 digits:  £119999

Natural binary code Gray code
ay_Ay_,...ady € {01}: L= Za .2’ 0 00000
1 00001
000000 — O (e.g. 0) 2 00011
(Two's complement code i ; (035))1111?
Ay4Qy_p-- Gy € 01} L=-ay - 2" + Zaf 2/ 6 00101
100000 — -2N1  (e.g. -128) U 00100
01111111 — 2N1-1  (eg. 127) 8 01100
> < 9 01101
Binary Coded Decimal (BCD) code 10 01111
11 01110
Ds | D, | D, | Do L = Z 1OJ Za 2/ 12 01010
b3b,bibg | b3bybibg | bsbybibg | bsbybibyg J== 13 01011
14 01001
§.5jigi‘rs: J_r213999999 +3999 15 01000

7 digits: +

4.5 digits: +51000 S 11000




An example ADC: Flash Converter
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Succesive Approximation (SAR)

IN—
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Dual Slope Converter
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Noise immunity (suppression):
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>.-0 (sigma-delta) Converter

A 1-bit output n-bit output
(n'fCLK) (fCLK)
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Digital-to-Analog Conversion (DAC)
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Basic DACs

Binary-weighted DAC

Urer
|
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Uout Uwy

R-2R ladder DAC Inverted R-2R ladder DAC
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Conversion errors - quantization noise

4-bit quantizer
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ADC Errors

Offset
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101
100
011
010
001
000
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Conversion non-linearity

Integral non-linearity (IN) Ca Differential non-linearity (DN)
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Some drastic examples

Missing Code -, Non-monotonicity
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Does sampling give us the full information
about the signal?

AN

LY

Uil

YW

the answer is ,,YES"
provided that we respect...




Sampling theorem

Shannon-Kotielnikov, Nyquist-Shannon, ...

It is possible to recover the signal exactly from its samples taken at the
constant rate £ if the the signal is band-limited and there are no
spectral components above frequency £s/2.

fs - sampling frequency
fs/2 -Nyquist frequency

or stating it more directly:

Sampling rate must be at least two times higher than the bandwidth

occupied by the signal.
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X(f) - signal spectrum (two-sided)
spectrum of sampled signal:

spectrum

aliasing



Aliasing more accesible...

signal
1 kHz 02kHz fyn 1kHz fs
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Aliasing in practice it can appear with a DSO!

Tek NN M Pos: 0,000 SAVESREC Tek NN P Pos: 0.000s SANESREC
+ -
Action Action
Save Image save Image
File Filz
Format Format
EMP E1P]
About About
jer + Saving jer 4+ saving
Irnages Images
Select Select
Folder Folder
Save Save
TEEODOO0.ERP TEROOD2.EMP
CH2 S00mY M 25008 CHZ & 4.00m' CH2 S00mY M 25.0ns CH2 &7 400
14-Feb-14 00:26 10,007 0kHz 14-Feb-14 00:45 10,007 0kHz
Tek NN M Pos: 0.000s SAVESREC

Save
TEEODO1.BRP

CH2 S00my b 2508 CH2 o 4.00m
14-Feb-14 00:30 10.0070rHz



Why?

Sampling theorem (in short)

Sampling rate must be at least two times higher than the bandwidth
occupied by the signal.

/— Is this a case of a DSO? ﬂ
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Is it possible to have fo < 2xf, .. ???

100 ps X

100 ps =

A

Equivalent time sampling

Sequential sampling

Random repetitive

sampling
1ps
1TS/s
sample & hold
signal
input A/C —— TorY
trigger S&H > tor X

inpuT Control




