Choose the right A/D converter for
your application
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Agenda
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— Analog Classes of applications
ncy ranges of ADCs

Nuts and Bolts of A2 (Delta-Sigma) Converters
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— Input Stage Dynamics
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— Driving the Capacitive Input Stage
— Applications for the Pipeline Converter

Conclusion

I

Texas
INSTRUMENTS




Real World vs. Bandwidth
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ADC Architectures

There are many different ADC Architectures
— Successive Approximation (SAR)
— Delta-Sigma (AY)
— Pipeline
— (Flash)

Delta-Sigma converters determine the digital word by
— Oversampling
— Applying Digital Filtering

SARs determine the digital word by
— Sampling the input signal
— Using an iterative process

Pipeline converters determine digital word by
— Undersampling

— With Sample / Gain Algorithm Topology

— Multiple stages / Larger Cycle-latency
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Converter Resolution (bits)

ADC Technologies - A2

Advantages
*High Resolution
*High Stability
(averages and filters out noise)
Low Power
*Low cost
Disadvantages
*Cycle-Latency
*Low Speed

ADS1672 — 625k, 24-bit
ADS1675 — 4 M, 24-bit

Conversion Rate 10

I | I | I | I SPS
100 1K 10K 100K 1M 10M  100M
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Converter Resolution (bits)

ADC Technologies - SAR

Advantages

«Zero-cycle Latency

*Low Latency-time

*High Accuracy

*Typically Low Power

*Easy to Use

Disadvantages

* Max Sample Rates 2-5 MHz

Conversion Rate 10

I | I | I | I SPS
100 1K 10K 100K 1M 10M  100M
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Converter Resolution (bits)

ADC Technologies - pipeline

Advantages
*Higher Speeds
*Higher Bandwidth
Disadvantages
*Lower Resolution

*Pipeline Delay/Data
Latency

*More power

Conversion Rate 10

I | I | I | I SPS
100 1K 10K 100K 1M 10M  100M
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Selecting ADC Topology

ADC
Topology F Conversion Resolution Comments
SAR < 4Msps < 16-bit Simple operation, low
< 1.25Msps < 18-bit cost, low power.
Delta-Sigma | < 4ksps < 31-bit Moderate cost.
< 4Msps < 24-bit
< 10Msps < 16-bit
Pipeline < 200Msps < 16-bit Fast, expensive,
< 250Msps < 14-bit higher power
< 550Msps < 12-bit requirements.
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@ Which ADC Architecture to
Use??

Characteristic Pipelined SAR Delta Sigma
Throughput 1 2 3
(samples/sec)
Resolution (ENOB) 3 2 1
Latency (Sample-to- 1 3
Output)
Suitability for converting 2 1 3
Multiple Signals per ADC
Capability to convert 2 1 3
non-periodic multiplexed
signals
Simplified anti-aliasing *k
filter requirements
Power Consumption Scales with | Scales with Constant

Sample Sample

Rate or Rate

Constant
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=™ Where to Find Middle Freq ADCs
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Where to Find High Freq ADCs

Voltage Reference

Source
\ \

OP

Anti-Alias Filter

Buffer Band-pass Filter
VGA Programmable Gain Amp
LNA A/D Converter Driver
Difference Amplifier u C
Level Shift
or
uP
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Resolution

RESOLUTION VOLTAGE of LSB| ppm FS % FS dB FS
N 2N (10V FS)
2-bit 4 25V 250,000 25 -12
4-bit 16 625 mV 62,500 6.25 -24
6-bit 64 156 mV 15,625 1.56 -36
8-bit 256 39.1 mV 3,906 0.39 -48
10-bit 1,024 9.77 mV (10 mV) 977 0.098 -60
12-bit 4,096 2.44 mV 244 0.024 -72
14-bit 16,384 610 pV 61 0.0061 -84
16-bit 65,536 153 pVv 15 0.0015 -96
18-bit 262,144 38 uv 4 0.0004 -108
20-bit 1,048,576 9.54 pV (10 pv) 1 0.0001 -120
22-bit 4,194,304 2.38 uV 0.24 0.000024 -132
24-bit 16,777,216 596 nV* 0.06 0.000006 -144

*600nV is the Johnson Noise in a 10kHz BW of a 2.2kQ2 Resistor @ 25°C
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Agenda

What are the Signal Frequencies
— Analog Classes of applications
— Frequency ranges of ADCs

Nuts and Bolts of Delta-Sigma Converters
— AX Converter Core and Auxiliary AX Functions
ications for the AX Converter

—

The SAR ADC

— Input Stage Dynamics

— Applications for the SAR Converter
The High-speed Pipeline Topology

— Driving the Capacitive Input Stage

— Applications for the Pipeline Converter
Conclusion
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Delta-Sigma A/D Converters

SAMPLE RATE (Fs)

Analog AV Delta-Sigma JIriL
—>
Input Modulator
DATA RATE (Fd)
([r—— """ """ —7—7 -7 -7/ —/ /= 1
I I
| Digital I | - T T Digital
— . —— | Decimator >
| Filter | Output
| I
| ' Fs/Fd=DR
| Digital Decimating Filter | (DR = Decimation Ratio)
:_ (usually implemented as a single unit) :
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You are here

Analog

Input to the Delta-Sigma A/D

SAMPLE RATE (Fs)

Delta-Sigma Ui

Input Modulator

___________________ ., DATARATE (Fd)

I
| Digital 0

. — | Decimator
Filter

X Digital

> Output

Digital Decimating Filter

(usually implemented as a single unit)

Fs/Fd=DR
(DR = Decimation Ratio)

INSTRUMENTS




Input Signal

Input Signal: Input Signal:
TIME DOMAIN FREQUENCY DOMAIN
AMPLITUDE MAGNITUDE
A A
> | >
TIME FREQUENCY
\/
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SAMPLE RATE (Fs)

Delta-Sigma JIMUIT

Modulator

DATA RATE (Fd)

X Digital

> Output

I
| Digital 0

. — | Decimator
Filter

Fs/Fd =DR

(DR = Decimation Ratio)

Digital Decimating Filter

(usually implemented as a single unit)

—_—,— e — e —_—— 4
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TIME DOMAIN

1st Order Delta-Sigma Modulator

IN ouT
(Analog) Delta Sigma (Integrator) + (Digital)
X, — | 1-SAMPLE + /1-bit v
AAAAAAAAA | DELAY ADC !
4 Bete o, e s
U |
1-bit
DAC
Y =X%_,+(€6—6_)
i3 TExas
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1st Order Delta-Sigma Modulator
FREQUENCY DOMAIN

e(n)
Delta Sigma
* 1-Bit
Vin > > A(f) ADC * Doyr
?; § Signal
= =
= >
Frequency < fg
Quantization
Noise

é%%%Vﬂﬂéﬁl

—

%WUF[

Noise Signal
Transfer Transfer
Function Function
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The Delta-Sigma Modulator

Ref SUM INT ouT

INTEGRATOR

C

INT

< LATCHED
COMPARATOR

(1BIT ADC)
e

1BIT Data Stream

1-BIT DATA
STREAM

Clock

T(o(p1jo(1|ty0j1 01110
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Modulator Output:
TIME DOMAIN

A Believe it or not, the sine
wave is in there!

N
// \ / I/ \
ThAe \

AR A

v (drav;/ir‘lg is appfoximate)» | ‘\

7

IQ \ / \‘

A

Modulator Output Signal

Modulator Output:
FREQUENCY DOMAIN

ASIGNAL

Fs

QUANTIZATION
NOISE
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—

2"d order Delta-Sigma Modulator

1-bit
INTEGRATOR INTEGRATOR ADC

O—[>—+®—[>J— Yi

J— - . I
el Yi=%a* (ei 2 1+ ei—z)

13 TEXAS
INSTRUMENTS




Multi-order Delta-Sigma
Modulators

Third Order
AY Modulator

Second Order
AY. Modulator

First Order
AY Modulator

\b -
Frequency
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Delta-Sigma A/D Signal Path

SAMPLE RATE (F
Analog AV Delta-Sigma Ui (Fe)

Input Modulator

> DATA RATE (Fd)

X Digital

Dy
—— |g|tal —— | Decimator >
| | Filter Output
I
I
| Qigital Decimating Filter Fs /| Fd = DR
I

(usually TTmelgmented as a single uni (DR = Decimation Ratio)
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High Frequency Noise
Reduction
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High Frequency Noise
Reduction

Sinc 3
Frequency Response
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Outcome of Digital Filter

Function
TIME DOMAIN
A
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0000000 <>Tﬂ TTc 1 o™
TTE
(@) O
800000

v

{{J Texas
INSTRUMENTS




Analog AV Delta-Sigma
Input Modulator

Decimation Digital Filter

SAMPLE RATE (Fs)

I
| Digital 0

Filter

(usually implemented as a

Digital Decimating Filter

(DR = Decimation Ratio)

i
DATA RATE (Fd)
|
| “L"rr .
Decimator | Digital
| Output
|
: Fs / Fd = DR
|
|

single unit)
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delay b delay [q— — — — — delay %
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Decimator Function: Pick &
Dump

SIGNAL OUTPUT OF
PRODUCED BY ECOMOMICAL
DIGITAL FILTER DECIMATOR
E JON
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Sampling speed vs. ENOB

Fs/Fd=DR =K

A , A
3IGNAL ' ASIGNAL L
| |
| |
|
| I/
| |
>
Fd Fs Fd/ Fs
QUANTIZATION QUANTIZATION
NOISE NOISE
DR, > DR,
A B.
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Analog Inputs

AX-Converter often have additional
features for data acquisition

‘PGA

*Input Buffer

*Burnout Current Sources
*Multiplexers

*GPIO

*More complete system solution

Al

INCOM

Additional Features

18

AIN12

AIN13

AlN14

AIN1S

AINCOM

AVDD Vees ovoD GRIO[7:0]
Interna ADS1258
Manitoring GRIO
24-Hit Digital SPI
ADC Filter Interface

—={ Contral

[‘ Cscillator

|
U

NOTE: ESD dicdes not shown.

E \tJ k
Irﬁgdt %I:“—

MUECUTP
MUROUTH

32 7BEkHz DGO

Internal
Reference

ADCINP
ADCINN

&
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Applications for AX Converters

Signal Level

— High DC accuracy
— High Resolution — up to 24 bits
— High Integration level

 Maedical, Avionics, and Process Control

* Machine and System Monitoring

* Fast Scan Multi-Channel Instrumentation
* Industrial Systems and Sensors

 Test and Measurement Systems

Audio

— Optimized noise performance
— Optimized filter in audio frequency for flatness

High Speed
« Scientific Instruments

* Test Equipment
¢ Communications
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Agenda

What are the Signal Frequencies
— Analog Classes of applications
— Frequency ranges of ADCs
Nuts and Bolts of Delta-Sigma Converters
— AX Converter Core and Auxiliary AZ Functions
— Applications for the AY Converter

The SAR ADC
— Input Stage Dynamics
ications for the SAR Converter

The High-speed Pipeline Topology

— Driving the Capacitive Input Stage

— Applications for the Pipeline Converter
Conclusion
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The SAR ADC

Most Serial ADCs are SARs or Delta-Sigmas

SARs are Best for General Purpose Apps
— Data Loggers,

— Temp Sensors,

— Bridge Sensors,

— General Purpose AR
* |n the Market SARs Analogto |
— Can be 8 to 18 bits of resolution Digital ___
— Speed range: > DC to < 5 Msps Converter
 SARs found as
— Stand-alone

— Peripheral in Microcontrollers, Processors
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How Does a SAR work?

 Similar to a balance scale

the M ik aictenmmiimed] IEisdt

7

— % 1/4

] AN

B mid LSB

/
1 0 1
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Qe
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SAR Conversion Concept

FS
1 Bit = 0
3/4FS i Bit=1 |Bit=0 Analog
Vin 1 [sit=2 input
U2FS  4—
T TEST |TEST |TEST |TEST
MSB |MSB-1|MsB-2|LsB
VAFS  H—
O - .
i Time Sicital O oo 1010
ADC Output igital Output Code =
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Analog
Input

Blockdiagram Successive Approximation ADC

L

A 4

DAC

Digital
Output

Convert
Start
Timing
BUSY
SAR
Control
Reqister
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3-Bit SAR ADC with switched Capacitor DAC

00 v

I‘Vi” + VRS2 Vin + VRef2 = 0V

Ol
2 -

Switch Positions
show digital value

BIT1 BIT2 BIT3 "\ Sc
(MSB) (LSB)
P . L g
QN ) QN QN <
c = 2C c — Cl 4 C/ 4
TOTAL VRer T GND GND] Gbﬁi_
SR Ii I s
AN /0
_—0 O- - -
Sin
VREE l [ l

SWITCHES SHOWN IN TRACK (SAMPLE) MODE
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SAR Converter — Input Stage

SAR ADC
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SAR ADC Input Charge

Distribution
« Opamp

requirements

— Must charge the ADC
cap quickly &
accurately

.Chi i i "J N S S MSUU}J.S R "L g
5.00 V
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Design Procedure

*‘bc +‘szF

D

Al
Filter

» Doyt

Signal (1)
Bandwidth
Full-scale

Range

Op amp (5)
Input Stage
Bandwidth
Output R,
Settling Time

RC pair (3,4)
ADC vs cap
Cap quality
Opa vs Resistor

ADC (2)
Full-scale input range
Acquisition time
Kick Back Voltage &
Charge
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OpAmp + Filter: Small Signal

E Voa VeLr
R, / N / /
107 Q ?
* 100 — CIN\
1 nF

* Modify Aol due to R, & C,,
— fox = 1/[21(Rg + R )Ci]
* fox = 1/[2(107Q + 100Q)1 nF] = 768kHz
— fzx = 1[27R\C\]
+ f,, = 1/[2n x100Q x1 nF] = 1.6MHz
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OpAmp + Filter: Frequency

Response
OPEN-LOCP GAIN/PHASE vs FREQUENCY
120 a
100 -30
= B0 =50
=
E &80 —— -a0
© fpx
& 40 -120
- I
= oD AcL Modified L =150
\ AoL
D J |1 11 R -1m
fZX
-20 LL|
10 100 1k 10k 100k 1M f; 100M

Frequency (Hz) 3.2 MHz
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Driving SAR Converters

RG RF
A VW
+5V
A% M
RG RF

+5V

I
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Additional Features
* Fewer options with SARs

— Some converters have multiplexers (ADS82xx)

— References (ADS78xx, ADS84xx)

— Input Buffers/Drivers (ADS8254/55/84)

— PGA (ADS7870/71)
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SAR ADC takes ,snaphots” A2 ADC takes an average

Each conversion command There is no defined conversion point

captures the signal level, at the and time

point in time onto the

sample&hold The more averages the higher the
resolution

The conversion happen at defined
points in time
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Delta Sigma or SAR ?

_ _r

—> Anti-aliasing filter ADC >

fal2 fa f
SAR ADC needs Anti Aliasing Az ADC Anti Aliasing relaxed
Filter 2th up to 8th order in Due to oversampling topology
continous sampling application 2nd oder a simple 1st order R/C is
sufficient.
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Settling time: SAR vs. del-sig

Settling complete

SARs can convert any time, so can be
made to resume conversion at just
Step occurs \ the right moment

P —
Sampling stopped

T T Ye VYo

N Settling complete

A/—L Delta-sigma with 2-cycle settling time
Step occurs \
. o 7 v\

Invalid sample: First settled sample
output not equal to input
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Settling/Latency Comparison

SAR has fixed acquisition time
— Can multiplex easily
— Takes a “snapshot” of signal in time
— Can synchronize sampling to external events
 Better for control systems!

Delta-sigma constantly sampling but complete system
- PGA
— Input Buffer
— Burnout Current Sources
— Multiplexers
— More complete system solutions
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SAR vs Delta-Sigma Conversions

» SAR conversions have Start Conversion Signal
« Delta-Sigma is always sampling/converting

SAR Converter

Start Conversion | | |

Conversion Done | | |

Delta-Sigma Converter

Input Sampling |||||||||||||||||||||||||||||||||||||||||||||

Conversion Done | |
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Agenda

What are the Signal Frequencies
— Analog Classes of applications
— Frequency ranges of ADCs
« Nuts and Bolts of Delta-Sigma Converters
— AX Converter Core and Auxiliary AZ Functions
— Applications for the AX Converter
« The SAR ADC
— Input Stage Dynamics
— Applications for the SAR Converter

« The High-speed Pipeline Topology
— Driving the Capacitive Input Stage
ications for the Pipeline Converter

« Conclusion
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Pipeline converters fit high-speed applications (5 MHz to >100MHz).

Time Domain
« Imaging (CCD)
— Camcorders
— Digital Cameras
— Scanner
— RGB/Comp. Video
— Test Instrumentation
— Maedical

* Important Specs:
— SNR
— Slew-Rate/ tset
— DNL
— DC-Accuracy/ Drift

What'’s the Application?

Freqguency Domain

« Communications

— Set-Top Box

— Cable Modem

— Basestation

— IF Digitizer

- GPS

— Frequency Synthesizer
* Important Specs:

— SFDR

— ENOB

— Analog Input Bandwith

— Jitter
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Signal Conditioning Conversion
Bandpass Filtering digitization
Gain to Match FSR of A/D mixing (alias)
SE to Diff Conversion

DC-level shifting

Analog

System

Digital
Processing, DSP
DDC

Digital Processing DSP
Frequency Translation =
Decimation

Processing Gain (SNR)

Digital

,
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Pipeline A/D Converter
Architecture Overview

Gain =2

S/H

| |
V|NO_|' S/H1 >
+
' I
: 2-Bit 2-Bi>_| T

L= 8 —— _—

Bit 1, MSB Bit i Bit n, LSB
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ADC Interface Solutions

Principle Configuration Choices

Single-Ended Input (SE)
+ fs
Input
Vcm /\/
GND

Vcm

Requires full input swing from +fs to —fs

2x the swing compared to differential

Input signal at IN typically requires a
common-mode voltage for bias

Input IN\ also requires a Vcm for correct
dc-bias

,
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ADC Interface Solutions

Principle Configuration Choices

Differential Input (DE)

+ fs/2
Vcm
-fs/2

+ fs/2
Vcm
-fs/2

Combined Differential inputs result in
full-scale input of +fs to —fs
Each input only requires 0.5x the
swing compared to single-ended
Both inputs require a Vcm for correct
dc-bias

,
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SE vs. DE Issues

« Single-ended Inputs (SE)
— Degraded dynamic performance

— Common-mode voltage and op amp headroom may limit use for
dc-coupling

— Best suited for Time Domain applications

 Differential (DE)

— Optimized performance due to reduction of even-order and
common-mode components

— Best for higher input frequencies (IFs)
— More complex driver circuitry (consider Diff — Amps)
— Best suited for Frequency Domain applications
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jm i %mﬂ .7

Cs 72 ' teony

|n°—;:°—f— + O Out Input Clock
% 22 p o1 21
F\O-—/Q:hl— p O Out 21 @2 21
22
Cs I
i B -
21 C,, p ol Internal Clock,

l non-overlapping

Vg Vem * Requires minimum
clock frequency
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M T Driving Capacitive Input ADCs

VOUT
Lo, Ro R IN
—M—1
Cv
R
—W——1—=
cv N

* Due to Opamp’s finite (Ry) output impedance, V ; will drop momentarily
when cap load is switched.

« As the output recovers, ringing may occur, which results in increased
settling time.

« Use external R: isolates OpAmp output from capacitive load and improves
settling.

i3 TEXAS 29
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SE -Interface

Single-ended, ac-coupled driver for single supply operation

Matched, symmetric

Source impedances :—f

/ +Vs
IN

ADS826

" \FSR=2Vp-p  q0pj,
CM 60Msps

+2.5V)
REFT REFB

(+3.5V) (+1.5V)

2pF 1.5kQ \
o—

1.5kQ

v

W=
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M
+Hiyg

é 1
= 50002 lfm ;.Tn uF F*HL 0.1 uF

Differential ADC Driver

Ry 0AuF R, W] INP
I
vV - c 200 0
- 0.1 uF + FE
T i CM THS4509 J,—'
Rg — o Gu zm 0
v W | R
L i\ I]'-JM
Re | Rs ?m;z 0.1 ;.F 50
VoM ADSE14x
L ]
0.1pF Y
! per !
0.1 puF
"
A4 —
R:

Driver Solution:
— No Transformer
— VCM matched to ADC
— Good even-order harmonic rejection
— Easily configured for gain and low-pass filter
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FET Tx Buffer
Driver Amp
Eecaiie Tx Beamformer
LPF % Beamformer * Central
— (FPGA) Control Unit
- HV MUX/
= DEMUX
: | AFE5805 N
H Rx
- T/R Low ) » Beamformer
] Switches M_’ Foss ]
H Filter
Transducer ¢ v
CW Analog
Beam Former
Temp Clock » ¥
Sensor Source l s
Power ﬁlrjr?rgo ' Display
Management
Audio
Output

http://www.ti.com/ultrasound

Ultrasound system block diagram

Data
Transmission

Legend

[ Processor
B Interface
P> Amplifier
[ 1 Power
I ADC/DAC
[ Other
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CONCLUSION: Delta-sigma, SAR,
Pipeline ADCs

« Commonalities

— Input Stage

— Input Driving Amplifier
Differences

— Sampling Frequencies
Appropriate Applications

— Delta-Sigma: DC up to 30 ksps
— SAR: 10 ksps up to 5 Msps
— Pipeline: 1 Msps up to 550 Msps
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Choose the right A/D converter for
your application
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