
(/) 
(.) 

z 
0 
c:: 
I­
(.) 

~ 
w 
c:: 
::s 
::> 
c... 
2 
64 

~ ~ II' lli< ·J3 it It' l8l; '18! '$; :it 8ll 1:li .i !!: '!!!: 'i'l 'if # lll. lll· lill ll ·1! 1!1 'i'l :It tlll 1lt 1lt' ~ !IS li li iR !!:: ~ :8oi :ill S IS !!: Jill .:eo; '$ # S S ilt :it 8S 81:; S !a: Jill '<!! ~ a S ~ ll! ':it :3ll 8ll 

• :3ll * w \Oil i,: .t. ... * '*' ·" * ~ s ill: lll ::s~ lE 'il! ~~~' lil :~~~ ... * * * * * lll ""' • a: 1e * a M .: ""' * * • " • • *' l* w • * lll· ~ * * '1::1' ll! ... ~ * w w lit "* • >lll 
liS %: "Jill >tl 'a !! 811 $ $ 'if $;' ll< '3ll '3ll 3ll '*! )l' ll! :8oi lf :ill 8ll • 10: >Ji; *. ':ji; %: ill Jilt JlE 8ll $! 8ll :ill lli< IS IS ~ ~ i!t ·~ :Ill ':it :ill 8ll lli< lli< lli< !$>! l!<! 181' ~ 8ll :It ;!!!' 311' >i- "$' 1&. :Ill 'a> :3ll lli< 

~ '38· ill: :181 :$1 ·:311 S 11! 8ll IS It $ ~ ·g: i,: Jilt !il M ~ # :ill '18 %: .!1< ll! ill! l! # ill ill: ::1< >it :3ll lli< $ !*- ·!!: II> ll .':it 8ll 8S 8ll 3ll W lt: iPS -.,: ~ Jill ll! li $ lli< 8ll i8t lilt ':it ~ $8 8ll 311' !If ~ 

· · · · · · · · · · · · · · · · · · · · · · · · ·sv'Ffo~~'it· YOUNG • • • • • • • • • • • • • • • • • • • • • • • • 
'1!.!toiR ili:~~t!llll ~lilll! 'm81l a:>?;'*** ~l&(l!Ell!tt_""""·· ·~w• w-. "JIII::~:t'*f '\8 #' $-~llllitW *>as.llt,;:c:J % ·;alii~ 

The process of converting an 
analog voltage into an equiv­
alent digital signal (analog-to­

digital conversion, commonly referred 
to as ND" conversion or ADC) is some­
what more complicated than D/A con­
version. Over time several methods of 
A/D conversion- simultaneous, 
counter, electromechanical. etc.­
have been developed. 

Simultaneous Conversion. Simul­
taneous conversion (probably the sim­
plest of all methods of ND conversion) 
uses a number of comparators in its 
design. The analog signal to be dig­
itized serves as one input to each com­
parator; the other input to each 
comparator is connected to its own ref­
erence vOltage, as shown in Fig. 1.1n our 
example, the reference voltages are 
+ V/4, + V/2, and 3/4( + V), where + V is 
the maximum signal voltage the circuit 
can handle. 

If the analog input exceeds the refer­
ence voltage to any comparator, lhat 
comparator's output goes high. That 
means there are four voltage ranges 
that can be detected and effectively 
discerned by our circuit: If all com­
parator outputs are low. the analog in-

*Our gratitude is extended to the EIAICEG for 
the creation of this course, especially to the 
consultants who brought it to fruition: Dr. 
William Mast, Appalachian State University; 
Mr. Joseph Sloop, Surry Community College; 
Dr. Elmer Poe, Eastern Kentucky University. 

put signal must be between 0 and 
+ V/4. If the output of U11s high, and U2 
and U3 are low. then the input must be 
between + V/4 and + V/2. If U1 and U2 
are high while U3 is low. the input must 
be between + V/2 and 3/4( + V). Finally, if 
all comparator outputs are high, the 
input signal must be between 3/4( + V) 
and +V 

The three comparator's outputs can 
be fed into a coding network that con­
verts their combined output into a two­
bit digital value. The bits of the coding 
network can then be fed to a register 
for storage and final output. 

In order to gain a clear understand­
ing of simultaneous ND conversion, lefs 
look at the three-bit converter shown in 
Fig. 2. Note that seven comparators­
allowing the input to be divided into 
eight ranges-are required to convert 
the analog input into a 3-bit digital sig­
nal. The simultaneous ND converter is 
quite straightforward and relatively 
easy to understand. However, as the 
number of bits in the digital number 
increases, the number of comparators 

increases very rapidly. Because of that. 
simultaneous conversion becomes too_ 
expensive where larger numbers are 
involved. So other methods are used for 
numbers more than three or four bits 
wide. 

The Counter Method. The counter 
method of ND conversion uses only 
one comparator and a variable refer­
ence voltage, which is applied to the 
comparator. Such a converter contains 
a simple binary counter, from which the 
digital output values (and the device's 

ANALOG 
INPUT 

VOLTAGE 
0 TO +V VOLTS 

COMPARATOR 
OUTPUTS 

Fig. 1. Simultaneous conversion requires a 
number of comparators in its design. The 
analog signal to be digitized serves .as one 
input to each comparator, the other input 
to each comparator is a standard 
reference voltage . 
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Fig. 2. Seven comparators-allowing the input to be divided into eight ranges-are 
required to convert an analog input to a 3-bit digital signal. 

name) are derived. The counter must 
be an n-bit counter, where n is the desir­
ed number of output bits. 

At first the counter output is not sent 
to the outside world.lnstead, the digits it 
produces are only available to a D/A 
converter inside the chip via a series of 
level amplifiers. That converter is a stan­
dard binary ladder (like that described 
in the D/A Converter exercise last 
month). 

When a clock signal is applied to the 
counter input it causes the output of 
the binary ladder to appear like the 
staircase waveform shown in Fig. 3A. 
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That staircase is used as the reference 
voltage needed for the comparator 
(see Fig. 3B). When the reference volt­
age approximately matches the ana-

START·o----- -, 

• GRE 
AND 

CONTROL 

log input the comparator signals the 
control circuitry. 

When that happens, the control cir­
cuitry pauses the counter by interrupt-
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Fig. 3 . If a clock signal is applied to the counter input, the output of the binary ladder is 
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the stair:case waveform shown in A . The block diagram for a counter-type AID converter is (() 
shown in B. ~ 
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Fig. 4 . It~ A we show a control circuit that could be used with the converter shown in Fig. 
38. The waveforms for one conversion are shown here in 8. 

reset the counter each time a con­
version is made. If that were done, the 
counter would not begin at zero each 
time, but instead would begin at the 
value of the last conversion and at­
tempt to alter its value to match the 
current signal level. However, that 
means that the counter would have to 
be capable of counting either up or 
down. There is also the need for addi­
tional logic circuitry, since we must de­
cide whether to count up or down by 
examining the output of the com­
parator. 

An ND converter that uses an up­
down counter-called a continuous N 
D converter- is shown in Fig . 5A. A 
waveform typical of that converter is 
shown in Fig. 5B. There are a variety of 
other methods for digitizing analog sig­
nals-too many to discuss in detail in 
this article-but let's look at a few. 

Other Converter Configurations. 
The Successive-Approximation method 
is the process by which an analog volt-
age is approximated one bit at a time 
beginning with the MSB (most-signifi­
cant bit). Each conversion takes the 
same time and requires one con­
version cycle for each bit. So the total 
conversion time is equal to the number 
of bits multiplied by the time required 
for one conversion cycle (normally one 
clock cycle). 

Another method for reducing the 
total conversion time of a simple 
counter converter is to divide the 

ing the clock signal. It then allows the simpler than the simultaneous method, counter into sections-that configura-
counter's current digital value to ap- it requires a longer conversion time. Be- tion is called a "section counter." To un-
pear at the chip's output pins via regis- cause the counter advances one derstand how the total conversion time 
ters. The control circuit then waits for a count for each cycle of the clock, the might be reduced by the section meth-
start signal to coax it into getting the clock determines the maximum con- od, assume we have a standard eight-
next value. Upon receiving the start sig- version rate. bit counter. If the counter is divided into 
nal, it resets the counter to zero and Figure 4A shows a portion of the con- two equal counters of four bits each, we 
allows clock pulses to reach the trol circuit that can be used in the con- have a section converter. 
counter. verter shown in Fig. 3B. The waveforms The converter sets the section con-

The circuit can be considered a for one conversion are shown Fig. 4B. taining the four least-significant bits (or 
closed-loop control system: An error The positive edge of the STAAT pulse is LSB's) to all 1's and then advances the 
signal is generated at the comparator used to reset the counter and to trigger other section until the ladder voltage 
output by taking the difference be- the one-shot (denoted O.S.). The one- exceeds the input voltage. At that point 
tween the analog input and the feed- shot's output sets the control flip-flop, the four LSB's are reset and advance 
back signal (the staircase reference which allows the clock to advance the until the ladder voltage equals the in-
voltage). counter via an AND gate. put voltage. Such converters are often 

The error is detected by the control A delay between the counter's RESET used in digital voltmeters. 
~ circuit, and the clock advances the pulse and the beginning of the clock Electromechanical ND conversion is 
z counter so that the error signal is re- pulses ensures that all the flip-flops iri another very important method; it in-
~ duced by increasing the feedback volt- the counter are reset before the count valves the translation of the angular po-
t) age. When the error is reduced to zero, begins. Once the reference voltage sition of a shaft into digital information. 
~ the feedback voltage is equal to the equals the analog input voltage, the A common application of that tech-
a: analog input. At that point, the control comparator output resets the control nique is in large radar installations, and 
:5 circuit stops the counter, and the system flip-flop and stops the count. many other aircraft and aerospace 
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1r stops. Although this type of ND convert- An obvious method for speeding up applications, where the azimuth and 
~ er offers high resolution and is much the process is to eliminate the need to (Continued on page 98) i 
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DIGITAL COURSE 
(Continued from page 66] 

elevation information are determined 
from shaft position. 

AID Converter Exercise. The major­
ity of measurements, such as light, 
sound, heat, humidity, etc .. yield analog 
voltages. In order to use such informa­
tion with digital circuits, that information 
must be transformed into logic signals. 
A circuit capable of performing that 
conversion is the ADC0804, a TTL-com­
patible CMOS 8-bit successive-approx­
imation ND converter that provides an 
8-bit binary output. The ADC0804 has a 
built in clock generator (whose fre­
quency is set by an external RC net­
work), several flip-flops, a binary ladder/ 
decoder, a comparator, a successive­
approximation register, an 8-bit shift 
register, output latches, and more. Fig . 6 . The ADC0804 is set up in the free-running mode to provide an 8-bit output. 

DOWN 

UP r---o ANALOG INPUT 

A DIGITAL OUTPUT 

CLOCK 

o.s. 

UP FLIP-FLOP 

DOWN FLIP-FLOP -------..J 
B 

Fig. 5. A continuous AID converter (A ) and its associated waveforms (8). 

Figure 6 shows the ADC0804 set up to 
provide an 8-bit digital output based 
on an analog voltage derived from po­
tentiometer R10. The ADC0804 is set up 
in the free-running mode by con­
necting the RD and CS pins to ground 
In that mode the IC will continually per­
form AD conversions. (By the way, switch 
S1 must be momentarily closed to en­
sure the start-up of the conversion pro­
cess.) 

Breadboard the circuit in Fig. 6, and 
apply power (in this case, + 5 volts from 
the previously breadboarded power 
supply). Monitor the analog input volt­
age of U1 at pin 6 (V;nl using a voltmeter. 
Adjust R10 so that the analog input to 
the converter at pin 6 is 2.5 volts. If no 
activity is detected, momentarily close 
S1. With an analog input of 2.5 volts, 
what is the digital output, as indicated 
by the LED's? 

Record the analog input and digital 
output for several settings of R10. Re­
move power from the c ircuit. Calculate 
the analog voltage value from the dig­
ital outputs by first changing the digital 
value into a decimal number. Then di­
vide the decimal number by 256, and 
multiply the resulting value by the refer­
ence voltage ( + 5 volts) or in mathe­
matical terms: 

v in = ADC output X 5/256 

How does your calculated output value 
compare with the known analog input 
value? How accurate ly do your cal­
culations reflect the analog input volt­
ages? • 




