Analog-to-Digital Input-Output (A/D) Boards

Perhaps counter-intuitively, most A/D converters laased on the use of Digital-to-
Analog converters (D/A converters). Several typieB/A converters exist, and (given
the rapid rate of new developments in this fieftdyv types of D/A converters will likely
appear in the future. Only one type of D/A coneertill be described here: the Binary-
Weighted Resistance D/A Converter.

The essential feature of an 8-bit Binary-WeightesiRance D/A converter is the circuit
shown in Figure 1. The circuit consists of:

(a) A constant reference voltagfes

(b) A total of eight switches, label&d, S, $,...S;. Note from Figure 1 that these
switches are labeled in ascending order fraght to left. SwitchS, corresponds
to the least-significant bit (LSB) in the 8-bit daj word, whereas switc§;
corresponds to the most-significant bit (MSB). Afsxie that the reference
voltage V«) is applied across all eight switches.

(c) A total of eight resistances, ranging in vafien 2°R= Rto 2'R= 128R.

Note from Figure 1 that these resistances incrieagalue fromleft to right.
Resistanc@’R = 128Ris connected to switch and is associated with the LSB,
resistanc@°R = 64R is connected to switch, resistanc&€R = 32R is connected
to switchS, etc, resistanc®’R = Ris connected to switch and is associated
with the MSB.

(d) An operational amplifier (“Op-Amp”) that prodeg a voltage proportional to
the total current flowing from the circuit.
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Figure 1. Switch positions corresponding to thait8vord: 1 1 1 1 1 1 1 1

! This document is based primarily on: Khan, A.Sd #ang, X., STRAIN MEASUREMENTS AND STRESS
ANALYSI" (in particular, section 8.4), availabledm Prentice-Hall, ISBN 0-13-080076-7 (2001). A cargble
discussion appears in Chapter 19 of the ShukleDeatlgt textbook.



Currentl depends on the positions of switclsess;. There are eight switches in this
example (since an 8-bit word is being illustratea)d each switch can be thought of as a
binary numbera;, whereg; =0 or1. (Of course, if a 16-bit word were being illuséa,
there would be 16 switches, etc).alE 0 the switch is open, whereasjf= 1 the switch

is closed. In Figure 1 all switches are closed, leence Figure 1 illustrates the 8-bit
word: 11111111. Further, the total curigased by the D/A circuit equals the sum

of the current that pass through each swilch:i, +i; +i, +ig +iy +ig +ig +iy

Consider Figure 2, which shows the circuit withyoohe switch closed (switch).
Hence, the figure represents the 8-bitword: D @ 0 0 0 0, and total currdnt i-.
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Figure 2: Switch positions corresponding to the’tSMmrd: 10000000
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Finally, consider Figure 3 in which switch&sandS are closed representing the 8-bit
word: 0 1 0 0 0 0 O 1. Inthis casettital current =ig + io.
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FlgureS Switch positions corresponding to thet8ord:0 1 0 0 0 0 0 1




To summarize, an 8-bit digital word that is to loewerted to an analog voltage signal is
generated by the computer. SwitcBgshroughS; are opened/closed accordingly,
resulting in the corresponding output curréntThis current is converted to analog
voltage by means of an op-amp....the digital number (geedrby the computer) has
been converted to a corresponding (and distin@ogrvoltage level, and D/A
conversion has been achieved.

Analog-to-Digital Conversion based on the "Gradualbproaching Method"

Several types of A/D converters exist, and (givenrapid rate of new developments in
this field!) new types of A/D converters will likgbppear in the future. The “gradually
approaching method is described here.

Referring to Figure 4, the vertical scale in theerphalf of the figure represents both the
analog input signal (to be converted) as well digydal representation of the analog
signal. The digital representation is shown ireauy black line. The horizontal axis
corresponds time. Note that the analog voltage remains constatfit tivhe, but the

digital representation changes with time, evemjuadnverging to the analog voltage.
The increments in time shown in Figure 4 (i.g, T, ...Tg) correspond to the time

interval between "pulses” of the system clock. uregd illustrates the conversion process
based on an 8-bit word. The A/D conversion procesd®llows (an 8-bit word is
assumed):
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Figure 4: A/D converter based on the "graduallyrapphing” method



(a) The digitalword: 1 0 0 0000 O
is converted to an analog voltage signal by the E&JAverter. That is, the MSB is set to
"1", while all remaining bits are all set to "0".

(b) The analog voltage signal generated by the &#verter (and corresponding to the
digitalword: 1 0 0 0 0 0 0 0)is compatedhe analog input signal, by means of the
"comparator”. If the output from the D/A converigtess than the input signal, then
digital representation of the input signal is léemn the digital representation of the input
analog voltage signal. In this case the settinp@fMSB remains "1", and the converter
proceeds to step (c). Conversely, if the outpunfthe D/A converter is greater than the
input signal, then digital representation of thgunhsignal is less than

10000000
In this case, the setting of the MSB is set to &gl the converter proceeds to step (c).

This comparison takes some time. Referring to iéig the comparison occurs over the
time interval . During intervall'; the MSB is "1", and the digital representation
remains constant over this time. Figure 4 impiied after comparison the output from
the D/A converter is found to be greater than thpt signal, so the MSB is set equal to
"0".

(c) The next bit is set to "1", and the digital was converted to an analog voltage signal
and compared to the input signal, again using tbenparator.” For example, if the MSB
was set to "0" in step b (as implied in Figuretdgn during step c the digital word

01000000O

is converted to an analog voltage by the D/A cormereand compared to the input signal.
Referring to Figure 4, this comparison occurs diwee interval . If the output from
the D/A converter is less than the input signantdigital representation of the input
signal exceeds0 1 0 0 0 0 O 0, and theemtains "1"; otherwise it is returned to "0".

Figures 4 imply that the "new" digital voltage sifjagain exceeds the input voltage, so
the second bit is set to "0".

(d) Step c is repeated for all remaining bits. uFgg4 implies a digital word:
00101110

Notice that the total time necessary to perform A2l conversion is dominated by:

(a) The time period between pulses of the system dlioek time periodl; — Tg

in Figure 4). The time period is a feature of tbenputer used to perform
data acquisition and has decreased continuoustyvierthree decades

(b) The word length used; the total time to perform Atihversion of a 16-bit
word is longer than the time required for an 8wamitd.



