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ADC architectures
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High resolution ADCs

analog - digital
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High-resolution ADC applications

- Digital audio

Industrial instrumentation & automation
> force / position / torque measurement
Sensor readout

» photometry, magnetometry

> geophysics / seismology / surveying
Instrumentation

» multimeters, data acquisition systems
» automated test equipment

Scientific

> high-precision voltage / current sources
» electrochemistry, spectroscopy, etc.




Signal-to-Quantization Noise Ratio (SQNR) *

P .
SQNR [dB] = 10log1o signal _ _ 602N +1.76

quant. noise

Signal-to-Noise Ratio (SNR) *
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SNR [dB] = 10log 15

quant. noise + Pexcess noise

Signal-to-Noise and Distortion ratio (SINAD) *

hard to
measure
> 18 bits

P signal

SINAD [dB] = 10log 7

noise tPdistortion

“signal”: full-scale pure sine wave

To
equivalent
ideal ADC

Nominal resolution

SQNR [dB] —1.76
6.02

N[bits] =

SNR bits
SNR[dB] —1.76

SNR ., [bits] = 02

Resolution and SNR metrics

- Nominal resolution — number of bits at the ADC output interface for a single conversion
- Digital code resolution — log,(number of digital codes) —— can be arbitrarily high

Ideal or low-resolution ADC

Practical high-resolution ADC
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Effective Number of Bits (ENOB)

_ SINAD[dB] — 1.76

ENOB [bits] = © 02

Effective Resolution (ER)

0 Vinput

ER [bits] = log, (V"”#)

excess noise(RMS)

Noise-Free Code Resolution (NFCR)

VEsw-p)

NFCR [bits] = log, ( ) = ER — 2.7 bits*

Vexcess noise(p—p)

*1000 samples of noise with Gaussian PDF




Integrated ADCs — noise and SNR
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Integrated ADCs

ADC

AD7177-2
ADS1256
ADS1262
ADS1281
AD7190
LTC2440
C85532
ISL26104

MAX11210
LTC2508-32

LTC2380-24
AD7767

Type

SD
SD
SD
SD
SD
SD
SD
SD

SD
SAR

SAR
SAR

Nominal
resolution

[bits]

32
24
32
32
24
24
24
24

24
32

24
24

Noise floor
[nV/Viiz]

302
120
110
110
2802
70
70
120

250°
50

30°b
60

Estimated, assuming  BW = ODR/3; » BW = ODR/2
ODR = output data rate

- performance

Offset drift
[ppb/°C]

18
120
0.1
6
0.5
12
11
130

}

ppb (1)

Gain drift
[Ppm/°C]

0.4
0.8
0.5
04
11
0.2
12
$0.1

0.05
*0.05

0.05
04

}

< ppm

INL (typ)
[Ppm]

11
13

0.6
5

15
$2

10

0.5

}

=1 ppm

This is a summary from 2017. Since then, some new parts with better performance have appeared.




Building a digitizer around an ADC

/ test and diagnostics\

Input signal ‘

/:\o[o3ll s |nitialization, readout

I === powering

digitizer Voltage reference (== temperature stabilization

!

Matching of input signal to ADC range; input impedance, bandwidth

Matching of external voltage reference to ADC range

Low-noise, stable powering of ADC and analog circuits

Digital logic: initialization and readout of ADC, control, diagnostics, data output, etc.
Temperature stabilization / management (for TC << ppm/°C)

Built-in test features to facilitate production and maintenance




Discrete or integrated ADC?

Integrated ADCs:

» very wide range of functions and performance
parameters

> reasonable cost

> evaluation and integration infrastructure

Reasons to develop discrete ADCs?
» higher DC performance: noise, linearity, TC

» special operating environments: radiation,
temperature, extreme EMI

> other (very special) system-level needs




Thank you!




