
100% Solid State • Includes 10:1 Probe 

More Professional scope perfor
mance for your money! DC to 1O 
MHz bandwidth, AC and DC coup
ling, 11 position calibrated atten
uator, 1 O mV/ cm sensitivity, push
button ope rat ion. Outstanding 
features: Built-in TV Sync Separa
tor; Digitally controlled trigger cir
cuits; reference baseline display; 
calibrated 21 step sweep speed; 
Fully regulated power supply; Cus
tom Bezel for standard camera 
mounting. Assembled $425.00 

FREE '78 EICO CATALOG 
Check reader service ca rd or send 50~ 
for first class mail. See your local EICO 
Dealer or call (516) 681 -9300, 9:00 
a.m.-5:00 p.m . EST. Major credi t ca rd s 
accepted . @Wik"' 
EIC0-108 New South Rd. ~ 
Hicksville, N.Y. 11801 
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IThousands of Communications Electronics customers 

OWN A BEARCAT® SCANNER. I	Butsince we've introduced the Bearcat"' 250 crystalless 
15,600 frequency, 50 channel synthesized scanner, 

I 
1our specifications have been improved: 

Sensitivity 
0.4 microvolts for 12dB SINAD on VHF 
bands, UHF band slightly less 

I Selectivity 

Better than -60dB @ ±25 KHz


I Audio Output 

At least 2.0 Watts rms 


I Audio Quality 
The BC-250 audio is more noise-free and 

I suffers less distortion than comparable 
models by a margin of lOdB or more. 

Image Rejection 
The BC.250 rejects image frequencies by at least 

I 

'I 8dB better in all bands than comparable models. 

IThis month, we've got a special price 
on the Bearcat"' 250. Now, you can own this fantastic 
professional monitor for only $319.00. That's a 

I 
I 

savings of over $80.00. 
To start Bearcatting, Master Charge and Visa card 

. holders may call and order toll freeS00-521-4414. 
Outside the U.S. and Michigan dial 313-994-4441. 
To order by mail, send $319.00 plus $5.00 for U.S.IU.P.S. shipping. Foreign orders invited at slightly 
higher cost. Mail your orders or requests for a freeIcatalog completely describing all Bearcat® scanners 

L 

to: Communications Electronics, Box 1002,IDept. CEM, Ann Arbor, Michigan 48106 U.SA. 
Bearca~ is a registered trademark of Masco Corporation of Indiana 

Copyright 0 1978 Communications Electronics I __________ ;..a 
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By Forrest M. Mims 

ANALOG TO DIGITAL CONVERTERS, PART 1 

I N JULY and August we examined 
some of the basic characteristics of 

digital-to-analog (DI A) converters. Now 
we're going to devote equal time to ana
log-to-digital (AID) converters . 

Both DI A and AID converters play 
key roles in such applications as digital 
multimeters. solid-state data loggers, 
speech synthesizers. digital communi
cations devices. motor speed controllers 
and many others. In all these applica
tions the converter interfaces the analog 
world of continuously variable informa
tion and signals such as temperature, 
voltage. velocity, force and light intensity 
with the two-state binary operation of 
digital circuits. 

We've already seen how a simple DIA 
converter can convert a four-bit binary 
code into a voltage to vary the bright
ness of a lamp or the speed of a motor, 
generate waveforms, etc. An AID con
verter performs the mirror image task of 
transforming a variable signal like the 
voltage from a pressure transducer into 
the binary format that a digital circuit can 
process. Probably the best-known ap
plication for the AID converter is the dig
ital multimeter, but such converters can 
be found in other applications working 
with a variety of digital circuits. 

The digital circuit associated with the 
AID converter can be as simple as a 
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Fig. I. Block diagram of parallel 
or flash AID converter. 

RAM and a counter that together store a 
series of analog measurements for later 
retrieval (a data logger). Alternatively, it 
might be a sophisticated flat-screen , sol
id-state oscilloscope that uses an array 
of hundreds of LED's in place of a bulky 
cathode ray tube. It could just as well be 
a microcomputer programmed to moni 
tor and make decisions about various 
analog signals. trends or events. 

IOV av bV ~v .zv ov 
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Fig. 2. S chematic diagram showing 
how a voltage divider works. 

Types of A/D Converters. Convert
ing an analog signal into digital form is 
not as easy as converting a set of binary 
digits into an analog voltage. Neverthe
less , several ingenious methods of 
achieving AID conversion have been 
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Fig. J_ LED thermometer-style 
bargraph readout. 
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Fig. 5. An AID co nverter with binary output is 
made by adding a 2-bit encoder as shown here. 
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fact:theW 
does more... 
much more! 

Era IV begins! The new Shure V15 
Type IV phonograph cartridge is 
an altogether new phono cartridge 
system that exceeds previous per
formance levels by a signi fi cant 
degree - not merely in one 
parameter but in totality. The Type 
IV offers: 

• Demonstrably improved tracka
bility across the entire audible 
spectrum. 

• Dynamically stabi lized tracking 
overcomes record-warp caused 
problems, such as fluctuating 
tracking force, varyi ng tracking 
angle, and wow. 

.- Electrostatic neutralization of the 
record surface minimizes clicks 
and pops due to static dis
charge, electrostatic attraction of 
the cartridge to the record, and 
attraction of dust to the record. 

• An effective dust and lint re
moval system. 

• A Hyperelliptical stylus tip con
figuration dramatically reduces 
both harmonic and intermodula
tion distortion. 

• Ultra-flat response - individu
ally tested. 

Vl5TypeN
SUPEl2
T12ac1e.IV 

Stereo DynetiC!Y Phono Cartridge 

For complete details on this remarkable 
new cartridge write for the V15 Type IV 
Product Brochure (ask for AL569) and 
read the exciting facts on the V15 IV for 
yourself. 

SHURE 
Shure Brothers Inc. 

222 Hartrey Ave .. Evanston, IL 60204 
In Canada: 

® 

A. C. Simmonds & Sons Limited 
Manufacturers of high fidelity compo
nents, microphones, sound systems, 
and related circuitry. 
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Fig. 4. ANAND gate decoder converts 4-element 
bargraph output into J-of-4 moving dot readout. 

developed. One of the simplest of these 
employs a D/ A converter and a counter. 
The counter is initially cleared so that all 
its outputs are at logic zero. A clock in
crements the counter, and each succes
sive count is converted into an1 analog 
voltage by the_ D/ A converter and ap
plied to an op' amp comparator along 
with the incoming analog signal. When 
the two analog signals are equal, the 
comparator changes states and inhibits 

+sv 

the clock. The binary word stored in the 
counter is the digital equivalent of the 
analog input signal. 

Although this method of conversion is 
simple, it's very slow. The time for a con
version can range from no clock period 
(0 volts in) to 2N clock periods where N 
is the counter 's capacity in bits. Thus, an 
8-bit counter would require between O 
and 256 clock periods for a single data 
conversion. 



A method called successive approxi
mation can reduce the conversion time 
to only N clock periods_. Briefly, this 
method employs a D/A converter con
nected to a "successive approximation" 
register that stores a binary number 
equivalent to half the full-scale output of 
the converter. Both the output from the 
converter and the incoming analog sig
nal are fed into a comparator. If the D/A 
converter's output is less than the input 
signal, the most significant bit (MSB) in 
the data register remains high. The next-· 
most significant bit goes high when the 
next clock pulse arrives. The updated 
output from the DIA converter is then 
compared with the input signal. If it is 
greater than the input, the second-most 
significant bit goes low and the third
most significant bit goes high. 

The conversion process continues bit 
by bit until the least significant bit (LSB) 
is reached . The data register then con
tains the binary word that corresponds 
to the analog input. 

Another popular method of AID con
version is called dual-slope conversion. 
Like the two previous methods, dual
slope conversion requires a clock and 
various control circuits. In other words, 
it's both complicated and slow. 

The fastest AID converter is also the 
simplest. It's called the parallel or flash 
converter, and is made from a voltage 
divider connected to a series of com
parators and an encoder. Figure 1 
shows how the components in a flash 
converter are organized. As you can 
see, the flash converter doesn't require 
a clock. Data conversion takes place as 
fast as the comparators can change 
state and the encoder encode. 

Commercial flash converters are very 
expensive because converting an ana
log signal into an N-bit word requires 2N 
comparators. This means that an 8-bit 
output word requires 256 comparators I 

Fortunately for us experimenters , low
resolution (anything less than 4 bits) 
AI D flash converters are easy to design 
and build. Therefore , the remainder of 
this installment of " Experimenter's Cor
ner" will be devoted to the step-by-step 
design and assembly of the various sec
tions of a flash converter. As you 'll soon 
realize , there are many applications for 
both the completed converter and the 
various stages that make it up. 

The Voltage Divider. The first stage 
of a flash A/D converter is a standard 
voltage divider. In case you're relatively 
new to electronics, voltage dividers are 
more common than you might think . An 

SEPTEMBER 1978 

fact: 
astylus tip does not a 
cartridge make. 
so whyan the fuss? 

The stylus tip is on ly part of the complex stylus and cartridge structure, and 
performs a sing le function - it positions the entire stylus assembly so that all 
groove undulations are traced without damaging the record. The production of a 
top-quality tip call s for exqu isite micro-craftsmanship, precision polishing, 
unwavering uniformity, and exact orientation . (However, important as it is, an 
exotic diamond stylus tip configuration simply isn't a cure-all for what might ail 
an otherwise deficient cartridge, regardless of high-flying claims you may have 
heard or read.) 
Here are the basic crite ria a top-quality sty lus tip must meet: 

IT MUST FIT 	 If the tip is shaped so it's 
THE MODULATED GROOVE 	 oversized at its contact 

points , it can rise out of 
the modulated groove (the 
arrows indicate 
modulation of one groove 
wall) and "crest" at the 
record surface, causing 
extreme distortion and NO 
noise . 

IT MUST NOT A slightly-undersized or 
" BOTTOM" IN THE GROOVE too-pointed stylus tip may 

ride the groove bottom, 
lose contact with the 
groove walls, mistrack, 
and generate high noise 
levels . 

YES NO 

)"~"\ l;J 
9YES NO 

IT MUST BE CORRECTLY ORIENTED 

Skewed or rotated orientation introduces distortion. 


IT MUST BE A GENUINE SHURE STYLUS 

For unwavering uniformity, look for the name "$hure"on the grip. 


Please send fo r our "Scientific Study of Competitive Styli " booklet (AL548) 

explain ing the important specifications all Shure styli are required to meet. 


SHlJ~EH 	 ® 

High Fidelity Cartridges & Replacement Styli 
Shure Brothers Inc , 222 Hart rey Avenue , Evanston , IL 60204. In Canada: A. C. Simmonds & Sons Limited 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
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YOU'RE 

READING 

POPULAR 


ELECTRlllll'.l 

That already says a lot about 

you . That you're fascinated by 
the diversity of electronics. 

Everything from 
microcomputers to audio, 

from construction projects to 
ham radio. Who knows what 
area of electronics will catch 

your interest next? That's why 
you read P. E. To keep in 

touch with all that 's new and 
best in the many worlds of 

consumer electronics. 

Pooular Electronics 

World's largest-selling 
electronics magazine 
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ordinary potentiometer is actually a vari
able voltage divider. If the end terminals 
of a linear potentiometer are connected 
across a 10-volt supply , 5 volts will ap
pear between the wiper and ground 
when the wiper has been rotated to its 
mid-point. 

You can begin assembly of the flash 
AI D converter and see how a voltage 
divider works by building the circuit in 
Fig. 2 on a solderless breadboard . The 
accuracy of the divider is determined by 
t~e tolerances of the resistors. Five or 
10-percent resistors will work , but 1-per
cent resistors are much better . If you 
can 't find 1-percent components , use a 
multimeter to select five resistors having 
values as close to 1000 ohms as possi
ble . After you connect power to the div
ider, use a multimeter to measure the 
voltages between ground and the junc
tions of the resistors . The voltage across 
each resistor will be 20 percent of the in
put voltage . 

Comparators and a Bargraph 
Readout. A comparator is an op amp 
designed to provide very high gain. The 
result is a stage whose output rapidly 
changes state when the voltage at one 
input exceeds the second input. 

Figure 3 shows how to connect the 
four comparators in an LM339 quad 
comparator to a slightly modified version 
of the voltage divider of Fig. 2. The mod
ification consists of substituting a 
100,000-ohm or higher potentiometer 
for the uppermost fixed resistor to permit 
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Fig . 6. Si111plification of A ID convert er hy 
elimi1111tio11 of one NAN D gate i11 Fig. 5 

the range of voltages available from the 
points in the divider to be adjusted. The 
output of each comparator is connected 
to an LED, and the result is a bargraph 
or thermometer-style readout. 

Since the inputs of each comparator 
are connected to both the incoming 
analog voltage and the resistor junctions 
in the divider, the comparators switch on 
one after another in succession , from 
the lowest to the highest, as the incom
ing voltage is increased. The circuit can 
be easily adjusted to light up successive 
LED's in increments of as little as one 
millivolt per LED if the potentiometer has 
a resistance of several megohms. If you 
calibrate the circuit with a known input 
voltage you can use it for a voltmeter . 

The circuit can also be used as both a 
resistance indicator and timer. In the re
sistance mode , the potentiometer can 
be adjusted to indicate up to 10 meg
ohms per LED. To use the circuit as a 
timer, connect a capacitor directly 
across the input leads. Depending on 
the value of the capacitor, the LED's will 
turn on in succession at intervals rang
ing from less than a second to a few 
minutes . 

You can even use the circuit as a light 
meter by connecting a cadmium-sulfide 
photocell across the inputs . Because the 
readout is luminescent you can use the 
meter in very dim light-but you'll have 
to optically isolate the photocell from the 
display to prevent false readings. 

Moving Dot Readout. A bargraph 
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readout is preferred for some applica
tions, but for others only a single LED 
need glow at any one instant. I've not 
discovered a preferred name for this 
kind of readout, but moving dot display 
seems as good as any. 

Figure 4 shows how to make a NANO 
gate decoder to convert the 4-element 
bargraph output into a 1-of-4 moving dot 
readout. Study the decoder to see how it 
works. In particular , notice how the out
puts of the top three gates are coupled 
down to the inputs of the lower gates. 

The circuit shown in Fig. 4 can be 
used in most if not all applications of the 
bargraph readout. It's even possible to 
keep the bargraph readout by adding a 
four-pole . switch to connect either the 
bargraph or the moving dot display to 
the circuit. 

Completing the A/D Converter. 
The transformation of the moving dot 
readout into an AID converter with a bi
nary output is completed by adding a 2
bit encoder comprising two previously 
unused 7400 NANO gates in the moving 
dot display's decoder (Fig. 5). Notice the 
two inverters at the output of the encod 
er. These inverters could be eliminated 
by using AND gates for the encoder, but 
the 7404 hex inverter is more readily 
available than the 7408 quad AND gate. 
Besides, the two NANO gates were al
ready available. 

If you 've built the circuits described so 
far, you're probably wondering if it 's 
worth four chips, a handful of resistors 
and a bird 's nest of wires to obtain a 
mere 2 bits of data conversion. First , it's 
important to note that only 2 bits are 
available because only four compara
tors are used. This gives a 1, 2, 3, 4 
count in decimal or a 00, 01, 10, 11 
count in binary. As was mentioned ear
lier, it takes 2N comparators to give N 
bits of data conversion. 

Next month , we'll expand the basic 
AID converter to provide a 4-bit BCD 
output. Meanwhile, let's conclude this 
column by simplifying the 2-bit circuit as 
shown in Fig. 6. 

As you can see, the simplified circuit 
eliminates the moving dot LED's. Since 
an LED is not needed for the 00 position, 
the bottom 7420 NANO gate in Fig. 5 
can be eliminated . This means one 3
input NANO gate in a 7 410 can be sub
stituted for the 7420 dual 4-input NANO 
gate used originally. 

On page 98 , is the first of what is 
planned as a regular monthly addition to 
this column-the " Project of the Month. " 
Try your hand at it. 	 o 
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ffitlnfosh CATALOG 
and FM DIRECTORY 

Get all the newest and latest information on the new Mel ntosh Sol
id State equipment in the Mcintosh catalog. In addition you will 
receive an FM station directory that covers all of North America. 

MX 113 
FM/FM STEREO - AM TUNER AND PREAMPLIFIER 

1-------
Mclntosh Laboratory, Inc. --,

I 	East Side Station P.O. Box 96 
Binghamton, N.Y. 13904 

I 	Dept. PESEND 
NAME---------------

ADDRESS-------------TODAY! 
CITV_____STATE____ z1p___ 

--' 
If you are in a hurry for your catalog please send the coupon to Mcintosh. 

For non rush service send the Reader Service Card to the magazine. 
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H you've dreamed of a SCHOBER ORGAN 

NOW'S THE TIME TO ACT


PRICES GO UP IN NOVEMBER! 

For almost two yea rs we have held erature Package, or if your price list 

the price line on Schober Organ Kits, predates February 1, 1977, write or 
despite rampant inflati on and almost call us for the latest data . (The Reader 
daily cost increases . Service card may take too long to 

Now we must give in and-like reach us.) Send $1 if you'd like our 
everyone else-ra ise our prices. The in 12" demo record. Read the informa
crease will be about 15% on eve rything tion carefully . Decide which of the 
we offer. Prices will go up on Thurs five Schober Organ models you prefer. 
day, November 16th, 1978. Then, as long as your order is post

BUT YOU DON'T HAVE TO PAY marked before midnight, Wednesday, 
THOSE INCREASED PRICES-IF November 15th, you need pay only 
YOU ORDER BY NOVEMBER 15TH! the prices which have been in effect 

We are placing this special ad to tell since February 1, 1977. 
you about the price increase in ad Schober musical and technical qua 
vance-far enough in advance to let lity is an industry byword . Schober's 
you order before the prices go up. tradition of support and assistance to 

Announcing a price rise befo re it customers sets a standard that has ne
happens is highly unconventional-but ver been surpassed. If ever the Schober 
we think it's only fair . Basic Schober Organ Kit idea has intrigued you, now, 
Organ Kits cost $650 to $2950, de before November 15th, is the time to 
pending on model . Fifteen percent of order your kits and begin your own 
that is important money. We think Schober Organ-one of th'e world's 
you should have the chance to save it . fine musical instruments, the ultimate 

If 	you don't have the Schober Lit- musical fun machine! 

Schober Organ Corp ., Dept. PE-79, 43 W. 61st St ., New York 10023 • (212) 586-7552 
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