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Introduction

In many applications, the limitation in the performance of a
system lies in how the individual components are used. The
Analog-to-Digital Converter (A/D) can also be considered as
a component and, therefore, proper design procedures are
necessary to obtain the optimum accuracy. Intersil A/D
converters are inherently extremely accurate devices. To
obtain the optimum performance from them, care should be
taken in the hookup and choice of external components
used. Test equipment used in system evaluation should be
substantially more accurate and stable than the system
needs to be. The following sections illustrate do’s and don’ts
to obtain the best results from any system.

Don’t Introduce Ground Loop Errors

Plan your grounding carefully. Probably the most common
source of error in any Analog-Digital system is improper
grounding. Let’s look at Figure 1. All the grounds are tied
together, so everything should be OK, right? Wrong! Almost
everything is wrong with this connection.

The power supply currents for the analog and digital

sections, together with the output or display currents, all flow
through a lead common to the input. Let us analyze some of
the errors we have introduced. The average currents flowing

in the resistance of the common lead will generate a DC
offset voltage. Even the auto-zero circuit of an integrating
A/D converter cannot remove this error. But in addition, this
current will have several varying components. The clock
oscillator, and the various digital circuits driven from it, will
show supply current variations at the clock frequency, and
usually at submultiples also. For a successive approximation
converter, these will cause an additional effective offset. For
an integrating converter, at least the high-frequency
components should average out. In some converters, the
analog supply currents will also vary with the clock (or a sub-
multiple) frequency. If the display is multiplexed, that current
will vary with the multiplex frequency, usually some fraction
of the clock frequency. For an integrating converter, both
digital and analog section currents will change as the
converter goes from one phase of conversion to another.
(Currents of this type injected into an auto-zero loop are
particularly obstinate.) Another serious source of variation is
the change in digital and display section currents with the
result value. This frequently shows up as an oscillating
result, and/or missing results; one value being displayed
displaces the effective input to a new value, which is
converted and displayed, leading to a different displacement,
a new value and so on. This sequence usually closes after
two or three values, which are displayed in sequence.
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FIGURE 1. DON'T HOOK IT UP LIKE THIS!
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Do’s and Don’ts of Applying A/D
Converters

A more subtle source of errors in this circuit comes from the
clock oscillator frequency. For an integrating converter,
variations in clock frequency during a single conversion cycle
due to varying digital supply voltage or supply currents, or

ground loops to a timing capacitor, will lead to incorrect results.

Figure 2 shows a much better arrangement. The digital and
analog grounds are connected by a line carrying only the
interface currents between sections, and the input section is
also tied back by a low current line. The display current loop
will not affect the analog section and the clock section is
isolated by a decoupling capacitor. Note that external
reference return currents and any other analog system
currents must also be returned carefully to analog ground.

Don’t Couple Digital Signals Into
Analog Lines

Although Intersil’'s A/D converter circuits have been designed
to minimize the internal coupling of digital signals into analog
lines, the external capacitive coupling is controlled by the user.
For best results, it is advisable to keep analog and digital
sections separated on PC boards. A few examples of the
results of capacitive coupling follow.

On dual slope converters, the “busy” line swings from one state
to the other at the end and beginning of the autozero cycle.
Capacitive coupling from this line to the autozero or integrating
capacitors will induce an effective input offset voltage. A similar
effect occurs with the “Measure/Zero” line on charge-balancing
converters and for a successive approximation converter with
coupling between “end of conversion” and a sample-and-hold
capacitor. For a multiplexed display device, coupling between
the multiplexed or “digit” lines and these capacitors can lead to
nonlinearity of the converter. And coupling from any digital line

into a high impedance input line can lead to errors in any
system.

Do Use Adequate Quality Components

For successive approximation converters, the resistors used
must have excellent time and temperature stability to maintain
accuracy. Any adjustment potentiometers, etc., must be of
compatible quality (note that in some trimpots, the slider
position moves with temperature!).

For dual slope converters, the component selection is less
critical. Long term drifts in the integrating resistor and the
capacitors are not important. However, any resistive divider
used on the reference, especially if it is adjustable, must be of
sufficient stability not to degrade system accuracy. Dielectric
absorption in the integrating capacitor is important and the
integrating resistor must have a negligible voltage coefficient to
ensure linearity [1-7]. Noisy components will lead to noisy
performance, whether in the integrator, autozero or clock
circuits.

Do Use a Good Reference

Good references are like good wines; nobody is quite sure how
to make them but generally the older the technology used, the
better the result, and the proof lies in the tasting (or testing).
Thus, it is hard to beat the old temperature compensated zener
with the current flow adjusted to the optimum for each diode. If
you aren'’t into Zinfandel Superior Premier Cru (1972), the
Intersil ICL8052 has a fairly good reference built in. In either
case, the division down to the desired reference voltage
requires care also (see above). And it is a fundamental fact
that no converter can be better than its reference voltage.
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FIGURE 2. DO HOOK IT UP LIKE THIS!
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Do’s and Don’ts of Applying A/D

Do Watch Out for Thermal Effects

All integrated circuits have thermal time constants of a few
milliseconds to dissipation changes in the die. These can
cause changes in such parameters as offset voltages and Vgg
matching. For example, the power dissipation in an 8018 quad
current switch depends on the digital value. Although the die is
carefully designed to minimize the effects of this, the resultant
temperature changes will affect the matching between current
switch values to a small degree. Inappropriate choice of supply
voltages and current levels can enhance these differences,
leading to errors. Similarly, the power dissipated in a dual-
slope converter circuit depends on the comparator polarity and
hence varies during the conversion cycle. Offset voltage
variations due to this cannot be autozeroed out, and so can
lead to errors. Again a poor choice of comparator loading or
swing will enhance this (normally) minor effect. The power
dissipation in an output display could be coupled into the
sensitive analog sections of a converter, leading to similar
problems. And thermal gradients between IC packages and
PC boards can lead to thermoelectric voltage errors in very
sensitive systems.

Do Use the Maximum Input Scale

To minimize all other sources of error, it is advisable to use the
highest possible full scale input voltage. This is particularly
important with successive approximation converters, where
offset voltage errors can quickly get above 1 LSB, but even for
integrating-type converters, noise and the various other errors
discussed above, will increase in importance for lower-than-
maximum full scale ranges. Preconverter gain is usually
preferable for small original signals. All Intersil’s integrating
converters have a digital output line that can be used to extend
autozero to preconditioning circuits (being careful not to couple
the digital signal into the analog system, of course).

Do Check These Areas

Tie digital inputs down (or up) if you are not using them. This
will prevent stray input spikes from affecting operation. Bypass
all supplies with a large and a small capacitor close to the
package. Limit input currents into any IC pin to values within
the maximum rating of the device (or a few mA if not specified)
to avoid damaging the device. Ensure that power supplies do
not reverse polarity or spike to high values when turned on or
off. Remember that many digital gates take higher-than-normal
supply currents for inputs between defined logic levels.
Remember also that gates can look like amplifiers under these
circumstances. An example is shown in Figure 3, where stray
and internal input-to-output capacitance is multiplied by the
gain of the gate just at the threshold causing a large effective
load capacitance on the ICL8052 comparator. A non-inverting
gate here could lead to oscillations.
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External Adjustment Procedure

Most of the A/D converters now offered by Intersil do not
require an offset adjustment. They have internal autozero
circuits which typically give less than 10uV offset. Therefore,
the only optional adjustment required to obtain optimum
accuracy in a given application is the full scale or gain reading.

With the A/D converter in a continuous mode of conversion,
the following procedure is recommended: The full scale
adjustment is made by setting the input voltage to precisely 1/2
LSB less than full scale or 1/2 LSB down from nominal full
scale. (Note that the nominal full scale is actually never
reached but is always one LSB short.) Adjust the full scale
control until the converter output just barely switches from full
output to one count less than full output.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); larg: le corr { i ; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently investi i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

butes, disposes of, or of ise sells or transfers the product to a third party, to notify such third
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