ECE 523/421 — Analog Electronics

Lecture 27: Basic Analog Systems:
ADC and DAC

Payman Zarkesh-Ha

Office: ECE Bldg. 230B
Office hours: Tuesday 2:00-3:00PM or by appointment
E-mail: pzarkesh@unm.edu
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Review of Last Lecture

O Review of Class A Power Amplifier

O Class B and Class AB Power Amplifiers
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Today’s Lecture

O Basic Digital to Analog Converters

O Basic Analog to Digital Converters
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Importance of Data Conversion
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Digital-to-Analog Converters

Digital Signal
Processing
System

Microprocessors
Compact disks
Read only memory
Random access memory
Digital transmission
Daisk outputs
Dagital sensors

DIGITAL-
CONVERTER

Analog

Amplifier
. Output

Fig. 10.1-01

Reference

Characteristics:
 Can be asynchronous or synchronous

* Primary active element 1s the op amp

» Conversion time can vary from fast (one clock period, 7) to slow (2No. ot b“S*T)
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Analog-to-Digital Converters

ANALOG-
Analog Sample
el DIGITAL
Input and T

Hold

- )
060922-01 Reference

Characteristics:

Digital Signal
Processing
System

Microprocessors
Compact disks

Read only memory
Random access memory
Digital transmission
Disk outputs

Digital sensors

* Can only be synchronous (the analog signal must be sampled and held during

conversion)

* Primary active element 1s the comparator

« Conversion time can vary from fast (one clock period, 7) to slow (2No. ot blts*])
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Digital-to-Analog Block Diagram

Voltage VREF Scaling DVReF Output YOUT =
Reference Network Amplifier KDVREF

A 4 3 4

Binary Switches

Tl |

boby b b1 Figure 10.1-3

bg 1s the most significant bit (MSB)

The MSB 1s the bit that has the most (largest) influence on the analog output

bp-1 1s the least significant bit (LSB)

The LSB 1s the bit that has the least (smallest) influence on the analog output
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Current Scaling DAC

Digital Input Word
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R-2R Ladder Implementation

2R l.fo 2R

V- —
REF=— so S1
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Current Scaling by Weighted MOSFET
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High Speed Current-Mode DAC
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High-Speed, High-Accuracy DAC

Nto 2‘\' Encoder

b Leadd

bo by b2 by

060926-02
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Voltage Scaling DAC

Digital Input Word

Voltage
28 ——— Decoder _
'REF Scaling n— o VOUT
Network =
Fig. 10.2-6
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Example: 3-bit Voltage caling DAC

VREF_ Input = 101
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Alternate Realization of the 3-bit DAC

b> by b

- —
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DAC Input-Output Characteristics

Analog Output (Normaliz
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DAC Timing Requirements

To avoid errors in DACs (and ADCs). v,,/7) must be within +£0.5LSB of the final value
by the end of the conversion time.
Multiple-pole response:

Typically the response 1s underdamped like the following (see Appendix C of text).

vouUT't)

A T
Final Value + ¢ booetomeeefoo N\ ——_________Upper Tolerance

= !
_ — Fimal Viluo _____T____ L. . I .. S
VIN —0 — " & Lower Tolerance
Fmal \- al‘l;e - E T S _-_—_-—T____—___ [Py /Sy S S - ——

Settling Time

0 ; A Fig. 6.1-7
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Basic Analog-to-Digital Converters (ADC)

_ o Digital T
X(1) \ Processor YKIN)

Prefilter Sample/Hold  Quantizer Encoder Fig.10.5-1

* Prefilter - Avoids the aliasing of high frequency signals back into the baseband of the
ADC

« Sample-and-hold - Maintains the input analog signal constant during conversion

* Quantizer - Finds the subrange that corresponds to the sampled analog input

* Encoder - Encoding of the digital bits corresponding to the subrange
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Sample and Hold Circuit (Settling Time)
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Serial ADC Circuit
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Attributes:
« Simplicity of operation
* Subject to error in the ramp generator

* Long conversion time < 2¥7
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Successive Approximation ADC

Successive Approximation Algorithm:

1.) Start with the MSB bit and work toward the LZSB bit.

2.) Guess the MSB bit as 1.

3.) Apply the digital word 10000.... to a DAC.

4.) Compare the DAC output with the sampled analog input voltage.

5.) If the DAC output 1s greater, keep the guess of 1. If the DAC output is less, change
the guess to 0.

6.) Repeat for the next MSB.

Vouess
i’
VRER T munmssmsiseaass

0.75VRgF}-------- :

0.50VReF

0.25VREF}--------

0

0
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Implementation of Successive Approximation
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Parallel/Flash ADC Architecture
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