If the electronic noise on the input signal to an Analog/Digital converter (16-bit voltmeter with dynamics £5 V
and 10 kSa/s) is 78 mV effective, what is the number of equivalent bits?

And if the noise increases up to 156mV effective, how does the number of equivalent bits change?

In the latter case, which type of converter might be preferable to use and why?
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A successive approximation A/D converter has a time of a single comparison Teomp=100 nm and provides a
12 bit digital output.

a) Draw the block diagram of a successive approximation A/D converter. You have to discuss its operating
principle and main characteristics and limitations.

b) Discuss whether the ADC described in point a) is suitable for correctly acquiring and reconstructing a
sinusoid at 250 kHz and with an amplitude of 2 V, obtaining a resolution of at least 5 mV.

¢) Working at maximum ADC speed, how much memory depth is needed to digitize the sine wave for | second.
d) What happens if the ADC considered is not ideal and has internal electronic noise with an (effective)
amplitude of 300 uV? What is the number of equivalent bits of the acquisition worth in this case? What is the
number of equivalent bits *n. worth if the electronic noise becomes *ge1.=10 mV? N

¢) Comment on the result obtained (or expected) for point d). Not having the need to carry out particularly fast
measurements, how could we operate to have an equivalent resolution closer to the theoretical one?
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Problems:

e Instantaneous noise can Works by successively comparing the

lead to wrong comparisons input voltage (V IN) with a voltage

and thus setting the wrong generated by auxiliary logic, and
bit changing the value of the generated

voltage with the intent of approaching

e Accuracy depends heavily the input value

on the internal reference,
DAC quality, and
comparator noise.
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With a data acquisition schedule, with bipolar input dynamics, you have to measure the following signals on a
electronic board:

V', power supply voltage of a USB connection (+5 V);

V, signal from the digital clock: TTL square wave (0-5 V) at 18 000 Hz;

Iy voltage generated at the ends of a circuit with 4 AAA batteries placed in series (each battery delivers a
voltage of 1.5 V);

V, alternating square wave of peak-to-peak amplitude 6 V with a period of 1 ms;

V5 s analog signal with 20 kHz bandwidth, dynamics + 100 mV and required resolution AJ' < 0.1mV.

a) You have to describe briefly the structure and functioning of a data acquisition (DAQ) board, explaining the
functions of its main blocks.

b) Evaluate the sampling frequency fc, the acquisition mode and the number of channels of the card to sample
correctly “simultaneously™ all the signals.

c¢) Set the optimal gain for each channel, knowing that the A/D converter has a bipolar dynamics [- 5 V ;+5 V]
and the selectable gains are G; = 0.5, 1, 10 and 100.

d) Evaluate the number of bits of the DAQ necessary for the specific application.
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