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ADC Technologies - ΔΣ

Advantages

•High Resolution

•High Stability

(averages and filters out noise)

•Low Power

•Low cost

Disadvantages

•Cycle-Latency

•Low Speed

Pipeline

(Nyquist & 

Undersampling)

SPS

ADS1610 – 10 M 16-bit

ADS1672 – 625k 24-bit

ADS1675 – 4 M   24-bit



Typical Applications for  Converters

• High resolution up to 24bits

– Sensors – Temperature, Pressure, Current, weightscales

– Medical instruments 

• Audio – System clock range ~ 20 to 40 MHz

– Optimized noise performance

– Optimized filter in audio frequency for flatness 

• High Speed  

– Has an Internal Digital Band-Pass Filter

• Uses a band-pass topology instead of integrator



Delta-Sigma A/D Converters
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Modulator Output
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1st Order Delta-Sigma Modulator
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Believe it or not, the sine

wave is in there!

(drawing is approximate)

0

1

Believe it or not, the sine

wave is in there!

(drawing is approximate)



Oversampling

Frequency
FS / 2 FS

Signal amplitude

Quantization Noise

SNR = 6.02N + 1.76dB ; (for an N-bit ADC

Sine wave input)

Average noise floor (flat)
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k FS / 2 k FS

Average  noise  floor

Oversampling by K times
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Same total noise, 

but spread over more frequencies

SNR = 6.02N + 1.76dB ; (for an N-bit ADC

Sinewave input)



 Modulator Frequency Domain

Input Signal

Frequency
k FS / 2 k FS
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• The integrator serves 

as a high-pass filter to 

the noise. 

(Y(s)/N(s) = s / (s+1)

• The result is noise 

shaping

X(s)

Quantization

Noise, N(s)
Integrator ,

H(s)= 1/s Y(s)

• The integrator serves 

as a low-pass filter to 

the signal. 

(Y(s)/N(s) = 1 / (s+1)



Device noise level

Example ADS1203
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Delta-Sigma A/D Signal Path
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High Frequency Noise Reduction

Sinc 3

Frequency Response
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High Frequency Noise Reduction

Sinc 3

Frequency Response
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Decimation Digital Filter

Delta-Sigma
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SAMPLE RATE (Fs)

DATA RATE (Fd)

Fs / Fd = DR
(DR = Decimation Ratio)



Input 

Output

delay
800000

7FFFFF

0000000delay delay

1/Fs

24

24

1/Fd

(DR)

Decimator Function: Averager



Noise specifications

As found in the Delta Sigma converters datasheets



Noise specification in the ADS1259 datasheet



QUANTIZATION

NOISE

Fs

SIGNAL

Fd

Fs / Fd = DR = K

QUANTIZATION

NOISE

Fs

SIGNAL

Fd

A. 
B. 

DRA > DRB

Datarate vs. noise



Vpeak-to-peak
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Scope Characteristics Noise



±RMS or

± one standard deviation
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68% of 

the data



Occurrences

outside the crest

factor limits
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Noisepeak-to-peak = 2 x Noiserms x Crest Factor

Percentage of 

Occurrences 

Inside Limits

99%
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Factor
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The Statistics of Noise

Percentage of 
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Percentage of 

Occurrences where

Peaks are Exceeded
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Crest

Factor

(BCF,bits)

2.38
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Noise peak-to-peak volts = 2 x Noiserms x Crest Factor

Noise peak-to-peak bits = Noise rms bits – (Crest Factor in bits)

The Statistics of Noise



Noise specification in the ADS1259 datasheet



Filter



Cycles at Output of delta-sigma A/D Converter

V
o

lt
a
g

e
 i

n
 a

n
d

 D
ig

it
a
l 

O
u

tp
u

t 
C

o
d

e

Digital Output Code

Analog Input Signal

Settling Time

ADS1211



The effect of settling time



Zero cycle Latency

• Zero-cycle Latency =

– Zero latency

– Single cycle conversion

– Single cycle settling

– No Latency

Data OUT
N+0 N+1 N+2 N+3N-1

Data

Invalid

N+0

Single Cycle

Conversion

N+1

N+2

N+3

Analog IN



Zero cycle Latency

• Zero cycle Latency =

– Zero latency

– Single cycle conversion

– Single cycle settling

– No Latency

Analog IN

Data OUT
N+0 N+1 N+2 N+3N-1

“Hidden Conversions”

of ADS1258

Data

Invalid

N+0

Single Cycle

Conversion

N+1

N+2

N+3



Load 

Cell

Pressure 

Sensor

10mW

Thermistor

AIN0

AIN1

AIN2

AIN3

AIN4

AIN5

AIN6

AIN7

AIN15

AIN14

GPIO(7:0

)

24-Bit

ADC

Digital

Filter

Oscillator

SPI

Interface

Contr

ol

CS

DRDY

SCLK

DIN

DOUT

START

RESET

PWDN

Zero Latency in Mux Applications

ADS1258

16-Channel

Delta-Sigma

Converter



A0 or TEMP 

DRDY/DOUT

Settling Time

Conversion 

Time

Data

Ready

New 

Data

Ready

Input Channel 

Change

Input

Mux
PGA ADC

AVDD REFP REFN DVDD

SCLK

TEMP A0 AGND DGND

AINP1

AINN1

AINP2

AINN2

DRDY/DOUT

GAIN [1:0]

Variable Cycle-Latency
ADS1232

Settling Time = 401 ms

Conversion Time = 100 ms



ADS1232 Pressure Sensing

 Converter

Micro-

processor

• Zero-latency 
when Mux 
channel changes

• Internal Temp 
Sensor

• Internal or 
External 
Oscillator

• Internal 
Multiplexer



Types of Filters



„Ultra‟ Precision Delta-Sigma Parts :

Sinc(x) Filter Response

• High Rejection @ Notches

• Trade-off data rate vs accuracy

• slow @ high-accuracy

• Trade-off settling time vs accuracy

• 1 to x settling cycles

• fixed and programmable

• Programmable & Fixed Filters

Delta-Sigma (ΔΣ) ADCs



Linear FIR Filter Response

• Flat Passband to DR/2

• ‘Brick Wall Filter’

• Low Pass-band Ripple

• Long Settling Times

Delta-Sigma (ΔΣ) ADCs

High Speed Delta-Sigma Parts: 



ADS1610 Characteristics

• High-Speed, Wide Bandwidth 

ADC 

• 10 MSPS Output Data Rate

• 4.9 MHz Signal Bandwidth (linear 

phase)



ADS1610 Settling Time

Maximum DRDY frequency = 10 MHz

Settling Time or Latency Time = 5.5 ms



Latency of Other  ADCs

Device Cycle Latency Latency Time Data Rate Effective Resolution

ADS1252 5-cycle 150 ms 40 ksps 19 bits

ADS1254 5-cycle 300 ms 20 ksps 19 bits

ADS1601 50-cycle 41 ms 1.25 Msps 17 bits

ADS1602 46-cycle 19 ms 2.5 Msps 17 bits

ADS1605 46-cycle 9.4 ms 5 Msps 16 bits

ADS1610 54-cycle 5.5 ms 10 Msps 16 bits

ADS1625 45-cycle 37 ms 1.25 Msps 15 bits



Don’t let High Cycle-Latency Bother 
You

Latency time

Control systems == Cause and Effect

Cycle Latency Latency Time Total Latency - System Issues

Zero Very Low The Best of BOTH Worlds

Zero High Wait for first data out, 

Could be Slow

High Very Low Count Data Out – Processor Overhead, 

Could still be Fastest Solution

High High Count Data Out – Processor Overhead

Slowest solution



PGAs in Delta Sigma Converters



Programmable Gain Amplifier (PGA)

Decimation 
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Out of Range Detection



Out of Range Detection

ADS1259



Delta Sigma Modulators



Modulator Output

Delta-Sigma

Modulator

Analog

Input

Digital

Filter
Decimator

Digital

Output

Digital Decimating Filter
(usually implemented as a single unit)

FPGA or

AMC1210



ADS1204 1-bit, 10 MHz, 4 Ch., 2nd Order 
Modulator

CH A+

BGND

AVDD

OUT A

CLKOUT

2nd-Order

Modulator
Output

Interface
Circuit

Reference
Voltage

2.5V

Oscillator
20MHz

CH A-

+
-

CH B+ 2nd-Order

ModulatorCH B-

+
-

CH C+ 2nd-Order

ModulatorCH C-

+
-

CH D+ 2nd-Order

ModulatorCH D-

+
-

Divider

AGND

BVDD

OUT B
OUT C
OUT D

REFOUT

REFIN D

CLKSEL

REFIN A

REFIN B

REFIN C

Clock
Select

CLKIN

Out EN

 16-Bit Effective Resolution

 Input Range 2.5 V @ 2.5 V 

 86 dB SNR Min

 Four Independent Modulators

 Four Input Reference Buffers

 On Board 20 MHz Oscillator

 QFN-32 (5x5 mm) Package

• Current Measurement

• Magnetic Sensors

• Motor Control

• Power Converters



ADS1282:  $36.95 (1k pcs)

ADS1282
Ultra-High Performance ΔΣ ADC with PGA

• Seismic / Energy Exploration

• Geophone / Hydrophone Recording

• Earthquake/Building Monitoring

• Scientific Instrumentation

• Extremely High Resolution

- SNR: 130dB (250SPS, G=1)

- SNR: 125dB (250SPS, G=16)

• Ultra-Linear

- THD -122dB,  INL: 0.5ppm

• Flexible Data Rate

- 250SPS to 4kSPS

• Onboard High Performance Digital Filter

- SINC + FIR + IIR (selectable)

- Linear or Minimum Phase 

- 0.5Hz to 7.5Hz High Pass

- Filter Bypass Mode

• Low Power

- ADS1282: 25mW (17mW Low Power Mode)

 Unmatched Performance, Integration 
and Low-power Operation

 Single-chip Solution for Digitizing 
Geophones or Hydrophones

 Filter Bypass Mode Allows Direct Access 
to Modulator Data for Use with External 
Digital Filter

ADS1282: MUX + PGA + Mod. + Dig. Filter

4th order

∆Σ

Mod.

Programmable

Digital Filter 

& Calibration

SPIPGA

MUX

In1

In2

AVDD VREF

AVSS DGND

DVDD

Over-Range

Mod. Out

CLK

SYNC

PWDN

RESET

ADS1282

Serial 

Interface

I/O
1 to 64

3


