8-channel scanner multiplexes
data for strip-chart recorder

by James M. Palmer,

Optical Sciences Center, University of Arizona, Tucson

Using low-power analog multiplexers, this circuit
converts a single-channel strip chart recorder into one
that can handle up to eight lines of data. The dwell time
between channels is selectable. Excluding the cost of the
power supply, the circuit can be put together for an

outlay of less than $25.

A and A; are configured as an eight-channel differen-
tial multiplexer stepped by a dual binary counter, As,
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Scanning. Circuit multiplexes eight data channels applied to A, onto single-channel strip chart recorder. Reference-voltage inputs at A;
position trace at different levels on chart. A, A4, and As sample channels in sequence. R; to Rs set dwell time between channels.
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Experimenter’s
Corner

THE 74150 MULTIPLEXER

IGITAL logic circuits are amazingly

versatile, and the multiplexer or
data selector is no exception. The multi-
plexer, sometimes abbreviated MUX,
provides a means of selecting one of
several inputs and steering the logic lev-
el at that input to a single output. The se-
lected input is determined by a binary
address applied to one or more data se-
lect inputs. That's why muitiplexers are
often called data selectors.

Multiplexers have many applications.
We'll look at several of them in this col-
umn, but first let’s find out how the muiti-
plexer works.

"A Simple 1-of-2 Multiplexer. Fig-
ure 1 shows a simple two-input MUX
with a single data select input. The cir-
cuit is called a 1-of-2 muitiplexer be-
cause one of the two inputs is routed to
the output at any given moment accord-
ing to the status of the data select input.
The binary bit pattern at the data select
input is called an address because each
possible data select bit combination (in
this case 0 and:1) selects one and only
one input. )

Assume the data select input is iogic
0. This means one of the inputs to AND
gate A is logic 1. The gate is then able to
provide a high or low output depending
upon the state of the DATA A input. Si-
muitaneously, one of the inputs to AND
gate B is low so its output will be low no
matter what logic state appears at its
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second input (DATA B). If DATA A input
is low, both AND gates will have a low
output. if DATA A is high, the output of
AND gate A will go high. The OR gate

“(C) will respond to either condition with,

respectively, a low or high output.

If this explanation seems hard to fol-
low, Fig. 1 also shows the truth tables for
the 1-0f-2 MUX as well as those of the
inverters and gates from which it is com-
posed. With this information you should
be able to decipher the circuit’'s opera-
tion on your own.

Advanced Multiplexers. The sim-
ple muitiplexer shown in Fig. 1 illustrates
the basic operating principal but has lim-
ited utility. You can easily breadboard a
working version of it if you want to ex-
plore its operation in detail. Far more
flexibility, however, is-gvailable in the
form of single-chip multiplexers having
eight or sixteen inputs. Several such
chips are readily available. TTL versions
include the 74150 1-of-16 multiplexer
and the 74151 and 74152 1-of-8 multi-
plexers. Another TTL MUX is the 74153
dual 1-of-4 data selector.

A number of multiplexers that select
one of several multipie-bit words rather
than single bits are also available, as is
a family of CMOS multipiexers.

The 74150 1-of-16 Muitiplexer.
The pinout of the 74150 1-of-16 MUX is
shown in Fig. 2. This data selector has

ouTPIr

Fig. 1. A simple
1-of-2 multiplexer
with truth table.
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sixteen data inputs, any one of which
can be selected by applying the appro-
priate 4-bit data select word or address
to the four-line data select input. The
74150 also has an enable or strobe in-
put. This input must be low (grounded)
for the 74150 to function. When the en-
able input is high (disconnected or tied
to Vce), the output will be high regard-
less of the status of the selected input.

The simple 1-of-2 MUX we looked at
earlier has an OR gate output. The
74150, however, uses a NOR gate out-
put. This means the output is an inverted
version of the selected input. Be sure to
keep this in mind when using the 74150
in an actual circuit.
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Fig. 2. Pin outline of 74150.

“Universal Logic Gate.” It's often _

necessary for a digital circuit to generate
the type of truth table that is not avail-
able from standard gates. Simple truth
tables can be generated by intercon-
necting the gates in a 7400 quad NAND
gate or other common gate package.
Complex truth tables can be implement-
ed with a ROM. The 74150 MUX offers a
very simple way to generate a truth table
with four inputs and a single output.

Since the 74150 has sixteen input ad-
dresses, there are 26 or 65,536 possi-
ble input/output combinations. Here’s a
truth table for just one sequence.

Address Output
0 0000 1
1 0001 1
2 0010 1
3 0011 1
4 0100 0
5 0101 4]
6 0110 1
7 0111 0
8 1000 1
g 1001 0
110 1010 1
11 1011 1
12 1100 0
13 1101 V]
14 1110 1
15 1111 1

Designing a logic circuit to implement
POPULAR ELECTRONICS
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th'3 truth table would be both tedious that's necessary is to place the comple- are placed at the inputs because the
and time consuming, but we can com-  ment of the desired output for each ad- 74150 inverts the data at its inputs. Fig-
piete the entire design in less than a  dress at the appropriate input. ure 3 shows how the 74150 is wired to
minute with the help of a 74150! All Complements of the desired outputs  implement the truth table. The 74150 in-



4-for-1 SALE!
Top Quality J.I.L. 4-in-1
IN-DASH
AmM-Fm CAR STEREO with
8-TRACK or CASSETTE
PLUS 40-CHANNELCB!

AS
ow $
AS

WHILE
SUPPLY

From J..L. a leader in car
entertainment centers . . . a
modular, compact, first quality
4-in-1 unit at a price you might
pay for a radio only! Get stereo
high-fidelity FM Radio, AM
Radio, 8-Track or Cassette and
CB all for one low price. Tens of
thousands sold nationally. Order
while supplies last !

[0 #853/102 In-Dash Combination 8-
Track Stereo, AM/FM/ Stereo Radio and
40-Channel Digital Touch-Tuning AM-CB.
Features LO/DX switch, Stereo light, 8-
track program lights, CB standby switch,
LED channel readout, Plus many other

features '$149.00

-while supply lasts only. ..

[J #610/102 In Dash Combination
Stereo Cassette Player, AM/FM /Stereo
Radio and 40-Channel Digital Touch-
Tuning AM-CB. Features cassette eject/
FF button, CB selector, CB standby switch

Plus many bther features
-while supply lasts only. .. .$159.00

O #202-ssB Single Sideband 40-
Channel CB featuring Digital Touch-Tun-
ing AM-SSB CB for 120 effective
channels with greater clarity and reach. All
functions right on the mike. A top-notch
unit. Choose SSB instead of standard 40-
channel CB with #853 or #610 above.
_Please add .................. $50.00

ACCESSORIES

[J AM/FM/CB Retractable Antenna
(mounts like reg. car antenna)
List$39.956............ NOW 829.95
. [ %" Full-tone Coaxial Speakers
10 oz. magnet per speaker.
List39.95pr. ....... NOW $19.95 pr.
[ 6”x 9" Full-tone Coaxial Speakers
20 oz. magnet per speaker

List$69.956pr....... NOW $29.95 pr.
[ Field Strength/ SWR Meter to test Ant.
List$29.956 .............. NOW$19.95

CLIP AD AND ATTACH TO LETTER
Pa. Res. Add 6% Sales Tax.

AUIL .

"DISGOUNT MAILORDER!"

70 James Way, Southampton, Pa. 18966
Phone Orders Call {215} 322-8599

LESLIE

NAME

ADDRESS

CITY. STATE zZIP

BankAmericard/Visa, Master Charge-
Exp.
Date

Card #
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puts can be quickly rewired to provide
any of the 65,536 possible combina-
tions. For best results, a simple switch-
ing network can be used to speed up
truth table changes. This is done by con-
necting each input to the pole of a spdt
switch. The positions of each switch are
connected to ground (low) and Vgc¢
(high) as shown in Fig. 4.

Adding a Data Select Input.
There's a clever way to add a data se-
lect bit to the 74150 and other multiplex-
ers. In the case of the 74150, the result-
ing 5-bit data select word gives 32 input
addresses. This makes possible a truth
table with an incredible 2% or
4,294,967,304 input/output combina-
tions!

Let's assume you want to implement
the following 8-input (3-bit address) truth
table with a 4-input (2-bit address) MUX:

Address Output
CBA

000 0
001 1
010 1
011 0
100 1
101 1
110 0
111 0

A 4-input MUX normally implements a
truth table with a 2-bit address
(00-01-10-11). Look back at the truth ta-

+5v
ALL SW/ITCHE S AT ©

ble above and you'll notice this pattern is
repeated twice under the B and A col-
umns to give four pairs of 00, 01, 10 and
11. Rearrange the truth table so the
identical B-A parts are adjacent to one
another, and you'li notice the output for °
any of the four pairs can be low or high,
C or the complement of C:

ABC OUTPUT

000 0
1.

001 1

010 1
2.

011 0

100 1
3.

101 1

110 0
4.

111 0

We're now ready to implement the
truth table by connecting each of the
four inputs of the MUX to low, high, C or
the compiement of C. The outputs of the
first pair are identical to C, so C is con-
nected to the first input. The outputs of
the second pair are the opposite of C, so
the complement of C is connected to the
second input. Similarly, both outputs of
the third pair are high so the third input is
connected to logic 1. Both outputs of the
fourth pair are low so the fourth input is

T
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at logic 0. The resulting connection dia-
gram for the expanded MUX is shown in
Fig. 5.

Multiplexer Pattern Generator.
One application for a MUX truth table
circuit like the one in Fig. 4 is a binary
pattern generator that produces a string
of sixteen preselected bits over and over
again. This is accomplished by connect-
ing a 4-bit, modulo-16 counter to the ad-
dress inputs of the 74150. Each pulse
from a clock connected to the counter
produces the next output in the binary
sequence.

Figure 6 shows a working version of a
clock and counter that can be connected
to a 74150 to make a pattern generator.
This circuit is fairly straightforward, and
you can use other clock and counter
combinations if you prefer.

Pattern generators have many ap-
plications. One simple possibility is to
use the 74150 output to strobe a tone
generator on and off to produce pro-
grammed tone patterns. Another is to
produce brogrammed LED flashing se-
quences.

Hexadecimal Keyboard Encoder.
A very useful application for the 74150
MUX is the hexadecimal keyboard en-
coder shown in Fig. 7. This circuit con-
tinuously scans each of sixteen normally
open pushbutton switches. When a
closed switch is detected, the LED read-
out connected to the data select (ad-
dress) inputs of the 74150 identifies in

binary form which switch has been
closed.

Those of you who are microcomputer
enthusiasts already know the value of a
hex keyboard encoder, but hexadeci-
mal probably sounds very intimidating to
the uninitiated. The term simply means a
number system based on sixteen. Bi-
nary, octal and decimal are nhumber sys-
tems based, respectively, on 2, 8 and
10. Hexadecimal is important in digital
logic because, as you already know,
there are sixteen possible combinations
of 0 and 1 in a 4-bit word (0000-1111).
Here’s a listing of the first sixteen deci-
mal digits along with their binary and hex
counterparts:

Hexadecimal

Decimal Binary
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
5 0101 5
6 0110 6
7 0111 7
8 1000 8
9 1001 9
10 1010 A
11 1011 B
12 1100 C
13 1101 D
14 1110 E
15 1111 F

A hex keyboard encoder allows any of
the sixteen hex digits to be entered into
a digital circuit by pressing a single key.
This greatly speeds up the programming
of read/write memories in microcomput-
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an Xcelite original!

it's a screwdriver

...for slotted, Phillips, Frearson, Bristol,
clutch head, Scrulox™ screws; in inch

and metric size Allen hex and Allen hex
ballpoint socket types; and Pozidriv®
style.
it’s a nutdriver
...in inch and metric 3@
sizes, regular, stubby,
and magnetic, for hex nuts, screws,
and bollts.

it's a reamer

it's extendable

...for greater reach and torque.

5 DIFFERENT HANDLE STYLES
...regular and Tee, with and without
reversible ratchet; junior, and stubby;
all with Xcelite’s unique spring device
for quick blade insertion and removal.
All shockproof, breakproof (UL).

85 INTERCHANGEABLE BLADES

...all the popular types and sizes. All -
precision-made, genuine Xcelite qual-
ity. Fit all five handles.

IN SETS, KITS,

OR PIECEMEAL
...roll-up service kits,
compact, stand-up,
plastic-cased sets; or
individually as needed.

in stock at leading
electronic distributors. ..nationwide

TheCooperGroup

Electronics Division
WELLER® . WISS®+ XCELITE®
PO BOX 728. APEX. NORTH CAROLINA 27502, 919/362-7511
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Fig. 7. Hex keyboard encoder circuit.

ers, controllers and other digital circuits
that process data in 4-bit “nibbles.”

Operation of the keyboard encoder
shown in Fig. 7 is straightforward. An
astable multivibrator comprising half the
gates in a 7400 quad NAND gate serves
as a clock. Pulses from the clock are
steered to the count UP input of 274193
counter through one of the remaining
gates in the 7400. This gate permits
clock pulses to pass as long as the out-
put of the 74150 is low.

A switch closure causes the 74150
output to go high when the count from
the 74193 matches the number of the
closed switch. This, in turn, inhibits the
clock gate, which prevents clock pulses
from reaching the 74193. The four
LED’s connected to the 74193 output
then indicate the bit pattern applied to
the 74150 address in binary and thus
the number of the closed switch.

When the closed swiich is released,
the 74150 output returns to the low state
and the clock gate is no longer inhibited.
The 74193 then continues to cycle the
74150 through a sequential scan of the
switches.

An interesting feature of this circuit is
that under normal conditions it operates
as a form of priority encoder. This
means it responds to the first of two or
more key closures while ignoring all
subsequent closures. Can you think of a
circumstance where the encoder would
respond to the second of two key clo-
sures? (Hint: Assume the clock is very
slow or your fingers are very fast.)

The circuit shown in Fig. 7 is not nec-
essarily usable in some applications.
One reason is that the continuous scan-
ning of the switches causes the four
LEDs to appear continually on (binary
0000) between switch closures. This
problem is partially alleviated by the sin-
gle CLOCK LED that indicates when the
clock pulses are getting through to the
counter.

When the CLOCK LED is on, the cir-
cuit is ready to receive another switch
closure. In other words, the 74150 is
scanning the input switches and the fact
that all four readout LEDs appear to indi-
cate 0000 is irrelevant. When the
CLOCK LED is off, a switch closure has
been detected and the readout LEDs ac-
curately indicate the selected switch. If,
by coincidence, switch 0000 is selected,
the four LEDs will all remain illuminated
but their apparent brightness will in-
crease significantly. This is because all
four LEDs now receive a steady direct
current rather than the very rapid pulsat-
ing current from the 0000-1111 count
sequence. '

Another drawback of the circuit in Fig.
7 is that it promptly “forgets” a switch
closure once a switch has been re-
leased. Contrast this with the pocket cal-
culator, which “remembers” each key
closure until an operation is complete or
a clear key is pressed. This disadvan-
tage can be overcome by adding a data
storage register to the circuit. For de-
tails, see the accompanying Project of
the Month. o

POPULAR ELECTRONICS



Multiplexer chip forms
maijority-vote circuit

by Edwin P. Crabbe Jr.
GTE Automatic Electric Laboratories, Northiake, M.

] An ecight-channel digital multiplexer chip such as the
74151 can make an efficient three-input majority-vote
circuit in which the output-logic level always agrees with
the majority of the input levels. The uses of such a

106

circuit range from the innocuous—decision making for
electronic games—to the critical —reliability enhance-
ment of triply redundant fail-safe systems.

As shown in the schematic of Fig. 1, the votes are
registered at data-select lines A, B, and C of the
multiplexer, and the data inputs, Do — D5 are wired so as
to produce an output at Y in accordance with the truth
table.

With the addition of a few inverters, the system can b
equipped with a master override, vesting any of the thre
voters with the power of veto. Figure 2 details the setu
A logic 1 at master-input A causes an output in agr
ment with the A vote, regardless of the votes of B and

Electronics /January 6, -



only memory, as majority-vote circuits cannot be

Similarly, a logic 1 at master-input B effects an output
cascaded. O

equal to B’s vote, and so on. With all the master inputs

low, the output is again the majority of the inputs.
Systems with more than three voting inputs can only

be practically implemented with a programable read-

Designer's casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain brielly but thoroughly
the circuit's operating principle and purpose. We'll pay $50 for each item published.

A R AB
INPUT
B
VOTES VOTING INPUTS
% MAJORITY Y OUTPUT
Y VOTE e -
D, 74151 OUTPUT
+5V
s ze 0 0 X 0
S
22k 04 0 X 0 0
03 Ly X | 0o | o 0
D2
0y MINORITY 1 1 X 1
Do VOTE 1 X 1 1
STROBE
T x | 1 1 1
' X = DON'T CARE

1. Majority rules. The three binary address lines are the inputs to a majority-vote circuit based on a 74151 multiplexer. The output at Y is in
agreement with the majority of the inputs, and the output at W, complementary to Y, is the minority vote.

A
INPUT % VOTING MASTER
VOTES g INPUTS INPUTS | ouTpUT
MAJORITY At Bl C|A ( B} C
+5V VOTE
22k OUTPUT o0 X|0}0|O 0
iy 74151 ol x|olo|lo|o 0
A {>c Ds x|olololojo 0
MASTER | 5 {>o 63 1110 xlololo 1
INPUTS | 1| xl1lojo]o 1
c - Da
x| 11 1]0lo0]o0 1
22 ofx|x|1]1o0]o0 0
D, MINORITY 1l x! x| 1l0]o0 1
D, VOTE xloix|of1]o0 0
Do x| 1| xlo|l1]o0 1
RIBAEE X| x| o0o|lo| o1 0
? x! xi1]o0lof1 1
1 X = DON'T CARE

2. Veto power. Adding a few inverters to the circuit provides it with master-override capabilities. Whichever input is selected as master, the
output always agrees with the vote of that input, regardless of the votes of the other two.
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Engineer’s notebook

Single-wire pair multiplexes
power and data for display

by Tommy N. Tyler

Powers Regulatory Co., Denver, Colo.

Using one decade counter per digit, this circuit multi-
plexes both power and data to a remote digital display
over a single pair of wires. Implementing the circuit with
a complementary-metal-oxide-semiconductor counter
ensures the multiplexer draws only microwatts of power,
a level that can be easily supplied by the circuit’s power-
storage element while data is being sent.

The arrangement required for a single digit is shown
in (a). The circuit automatically initializes the display at
Zero on power up.

During the hold time (b), power is supplied to the
4033 counter via D;, and C, charges up to the supply
voltage. Following the hold interval, Q. turns off, allow-
ing R, to pull the reset pin high, clearing the counter.
The reset is accomplished by holding the line voltage low
just long enough for C, to discharge and turn off Q;. C,

maintains power to the 4033 during this time.

After 1 millisecond, Q, turns on, and the number to be
displayed is transmitted through the data line as a series
of pulses with a 10-kilohertz burst frequency. These are
sent directly to the counter’s clock input. (Note that they
are too narrow for the reset circuit to respond to.) Then
the hold interval is repeated.

The display reading is updated by resetting the 4033
to zero and initiating a count again. By keeping the duty
cycle of the data pulses very low, the display’s supply
voltage will remain essentially constant.

Multiple-digit displays require additional 4033s to be
cascaded. With a l-megahertz burst frequency, a four-
digit display can be updated in 12 milliseconds, more
than sufficient for ordinary viewing if the number of
updates is at least two per second. Assuming four
updates per second, the display will be steady 95% of the
time. The 4033 will source S milliamperes per segment
when operated at 9 volts, enough to produce fairly bright
displays when MAN-3 devices are used. RCA application
note ICAN-6733 provides extensive information on
interfacing the 4033 chips with various displays. 4

Engineer’s notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We’'ll pay $50 for each item published.
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‘Demdltiplexing’ pulses
of different widths

by D. S. Jain
National Remote Sensing Agency, Hyderabad, India

Process-control instrumentation is only one of a multi-
tude of applications that could use a circuit capable of
sorting and counting pulses in accordance with their
durations in a data stream. This pulse-width discrimina-
tor (a) accomplishes this feat by generating a pulse at
one of nine outputs that corresponds to one of nine
windows in which the input pulse width lies.
Monostables U; and U, make up an astable multivi-
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brator that is triggered at the input pulse’s leading edge.
This astable circuit generates a square wave of period T,
determined by RC, at output Q, that is counted by
binary-coded—decimal counter Us.

The trailing edge of the input pulse triggers monosta-

BCD-to-decimal decoder U,. Cascading additional BCD
counters, latches, and BCD-to-decimal decoders extends
the number of windows, enabling the circuit to cover a
wider range of inputs. O

ble Us, and a pulse is created at Q; clearing U, and U,.
’ .. ot 1 P — t
As a result, astable multivibrator oscillation and BCD L 4 ok
counting are forbidden. In addition, the data at the INPUT _,’J 1on 4 2 1 53 l
counter’s output is transferred to Us’s output. T L e T T
The trailing edge of the pulse at Q; triggers monosta- MULTIVIBRATOR \ﬂ [l , L LT M
QUTPUT - 4
ble U, and produces a narrow pulse at output Q4. The COUNT - |+ bg | l o 1o
counter and the latch is reset to zero by this pulse. As a AN 2 i ]
result, the outputs go low, producing a positive pulse at 0 ¥ | N
output, and outputn; outputy corresponds to the input {r’ l l
pulse width. Q4
The circuit’s operation for three input pulses of differ- I
ent widths is illustrated in the timing diagram (b). A OUTPUT, I n—
positive pulse is produced by the circuit at output, ! 2 3
output,, and output, for input pulse widths of t,<T, OUTPUT,
T=<t,<2T, and 2T<t,<3T, respectively. A pulse is o<t
generated at output, for each input pulse, regardless of OUTPUT, |
duration, thus counting the total number of input pulses. T<tp<2T
The present range of the circuit is 0 to 9T. BCD data is OUTPUT Il
decoded into decimal N, where N = 1, 2, . . . with (b) 2T <tp < 3T
22xq  100pF
Vee —fv\/v—T—| I—I
L 7490 Us
Q,
1 - o RESET pINARY-CODED-
®14123 o DECIMAL COUNTER
70 ns 4 CLOCK
T e St L s o
y
U _ﬂ_ Din  Cin Bin A
1 470123 % i i 74175 Us
290 ns i, crock  DTYPE FLIP-FLOP
Do Co Bo Ag
tr tp v
cc
INPUT ——¢ 6.8 kQ 100 pF -Ll-
Vee W '—‘l
R c 3
B C B A
I L q, 7442 U;
1 14123 a BCD-TO-DECIMAL
CLEAR ' DECODER
L B Tl L (e i il e |
[— OUTPUT,
T ] OUTPUT,
1 U2 yra23 0, OUTPUT,
ONE-SHOT :
MULTIVIBRATOR .
Vee —'\N\r—l—4 YY
R C Vs 7404 ? .
OUTPUT,

{a)

Digcrimination. The circuit (a) sorts input pulses according to their durations and generates a positive pulse at the corresponding output. The
number of pulses at output, gives the total number of input pulses. The waveforms (b) show outputs for three different input pulses.
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