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Nixies® are easy to work with
once you understand them.
And they’re not too
complicated.

by GEORGE FLYNN

*Nixie is a registered trademark
of the Burroughs Corp. It is a
brand name for their gas-filled
readout tubes.

If you've ever seen a digital voltmeter or
a frequency counter you've probably
seen Nixie tubes, because their use in di-
gital instruments of all kinds has become
widespread. Several other types of read-
out tubes are also used in some in-
struments, but more Nixies and Nixie-
type devices are used than all other
kinds put together and multiplied by ten.
And for a very simple reason—the
Nixie does a good job of displaying
aumbers and it does it cheaper than any-
thing else.

Since Nixies seem certain to be
around for a long time, and since any-
body who associates with electronic
types is bound to cross lances with this
baby some time or other, it is worth tak-
ing a good hard look at what the thing
really is. What does it do? How does it
work? What makes it act up?

The basic job of any readout tube
is to display numbers and/or letters and
other symbols. The numbers, however,
are more significant than letters in many
applications, and thus a great deal of the
art of letting machines talk to man deals
primarily with numbers, plus a few sym-
bols. Nixie-type devices, in particular,
have been developed primarily to dis-
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NEON:GAS AT LOW PRESSURE

TEN CATHODES

HEAD
ON

FIG. 1—COLD-CATHODE GLOW TUEBE
has a shaped cathode for each numhber
and an anode of very fine wire. When
viewed head on, ligh | cathode is seen
clearly while unlighte odes and the
anode are almost invisible.

play numbers rather than letters.

The typical Nixie is a cold-cathode
gas glow tube that has an anode and ten
cathodes, as in Fig. 1. (Variations, in-
cluding tubes with plus sign and minus
sign, are also available). Each cathode
has an activated surface that allows it to
emit electrons readily. Connect a voltage
source to the anode and to any one
cathode—leave the others open—and
raise the voltage slowly. At a relatively
low voltage the cathode will begin to
glow over a small portion of its surface.
Continue raising the voltage and the
glow will spread until the whole cathode
is lit and a number—O0 through 9 de-
pending on which cathode you latched
on to—will be clearly visible, even from
many feet away.

If the voltage is raised still further,
the glow will creep down from the acti-
vated cathode surface and along the
connecting lead and on to the socket
pin. When this happens, you'll know
you've gone too far. Lower the voltage
until only the cathode area glows. You
are now within the correct operating re-
gion for the tube.

Careful experiments with the current
and voltage characteristics of the Nixie

have established the normal operating
region shown by Fig. 2-a. The drawing
allows for all the variables—element
spacing, cathode activity, gas pressure,
etc.—that cause individual tubes and in-
dividual cathodes within the same tube
to differ slightly from each other. The
minimum current needed to completely
light a cathode of a Type B5991 Nixie
(one of the most common varieties) is
1.5 mA. The maximum current for com-
plete lighting but without creeping glow
is 3 mA. When a cathode is drawing 1.5
mA, the voltage across the tube—E, in
Fig. 1—is a function of the specific tube
and specific cathodes and can be as low as
135 volts, but will not be more than 159
volts. When a cathode is drawing 3 mA,
E, again depends on the specific tube
and cathode and will range from 144 to
168 volts. Two other electrical charac-
teristics of the tube are worth noting.
Operating the device with the voltage
slightly high will not cause any smoke,
but you may see the creeping glow. Op-
erating at slightly low voltage can lead
to only partial lighting of the cathode.
Not good but not always awful.

Now a circuit designer working
with Nixie indicators likes to run the de-
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yices right in the middle of their normal
operating range; the middle is 2.25 mA
with the anode riding at about 155 volts.
Then, if the supply voltage varies, but
not too much, the tube will still operate
satisfactorily.

Note in Fig. 2-a that the operating
curves are striaght but that the voltage
drop across the tube increases as cath-
ode current increases. Any specific tube,
such as tube X or Y, will have a curve
paraIlel to the high and low limits. Note
in Fig. 2-b that if you extend the oper-
ating curves to the left until cathode
current is reduced to zero, you intersect
the voltage axis at about 123 volts for
the low-limit line and at about 146 volts
for the high limit. Individual tubes will
yary between these limits. Thus you
have to buck out anywhere from 123 to
146 volts before the tube conducts sig-
nificantly.

The fact that the operating curve
for a given tube is a straight line tells us
the device is acting like a resistor—once
it starts conducting. These characteristics
are duplicated by the equivalent circuit
of Fig. 2-c; a resistor in series with a
perfect battery and a perfect diode. The
circuit applies only to the normal oper-
ating region of the tube—that is, when it
is conducting 1.5 to 3.0 mA. ‘When the
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FIG. 2—The normal operating region is
shown at a, tube equivalent voltage at h,
efuivalent circuit for one cathode at .
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tube is operated below 1.5 mA, the
equivalent series resistance begins to in-
crease and is nonlinear. The actual V-1

curves also have a negative-resistance re-

gion when conduction begins.

Once the operating current and
voltage have been sef, the operating cir-
cuit cah be designed. Fig. 3-ais a typical
circuit that consists of a voltage source,
a current-limiting resistor and one cath-
ode of the indicator tube. Point A on
the operating curve, Fig. 3-b, represents
a low-voltage cathode being run at high
current, while point B represents a high-
voltage cathode running at low current.
Drawing a load line through A and B
and extending it to intersect the voltage
axis gives minimum E, and associated
R,: minimum E, is 170 volts, and Ry—
from the slope of the load line—is 8200
ohms. With these values, and since the
operating point for any cathode is at the
intersection of its operative curve and
the load line, most cathodes will operate
close to the optimum current of 2.25
mA, and only an occasional cathode will
operate near A or B. But if E, should
sag to 160 volts, as shown, a cathode
that normally operates at point B will
now operate at point B,, or at a current
of only about 0.75 mA. Partial glow.

If, on the other hand, E, should
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FIG. 2—ACTUAL CIRCUIT for operating
a MNixie uses a load resistor to set the
cathode current.

OTHER KINDS OF READOUT

While cold-cathode tubes are
presently the most popular readout
tubes, they have many challengers.
One of the limitations of the shaped
cathode approach is the limit on the
number of symbols you can put info
one envelope. Ideally, you would
like to put the whole alphabet—
capitals and lower case—plus num-
bers 0 through 9, plus punctuation
marks. With this capability you can
have real communication from ma-
chine to man. But you can cram only
so many cathodes into one envelope
—16 is probably the maximum for
good visibility,

A second major approach to the
problem is to break the shapes of the
numbers and letters into small parts
and then to construct a character by
energizing the correct segments. The
seven-segment type shown here is one
way to do this. With seven segments—
each of which is a small elongated
neon tube or other light emitting
source—you can form all the numbers
plus some of the capital letters. But
put three 7-segment displays side by
side and try to display, say, 888, or
®

e 0OCe®@®
@ OO0 O0Ce®@C0Coe
000 ®O0
00 0C®O0e
Oe®® ® 00

® @

5X7 ARRAY

B88. You can’t do it because you
can’t distinquish between a B and an
8 with only seven segments, Only nine
letiers can be formed that will not
be confused with numbers (What are
they? For answer,* see below.).

Going beyond 7-segments is the
35.dot array—35 light-emitting di-
odes formed into a matrix 7 diodes
high by 5 wide. With 35 dots you can
form all the 64 characters of the ASCII
code. In the future you can expect
to see arrays of 7 x 9 and even
larger.

Another approach is to use a
miniature crt and write the symbols
by moving the beam fto form the
shape desired. An advantage of this
technique is that you can stretch the
tube out and then write more than one
symbol side by side. Once the mes-
sage being generated by the machine
starts to get complicated, large cris
are used, or else a teletypewriter is
uséd to print out messages. Large,
complicated displays of this type,
however, are o whole different world
away from simple readout tubes,
*(Answer: AJC—HE4-F+HA-JAL4
P-+U)
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rise to 180, a cathode that normally op-
erates at point A will be shifted out to
point A,, to a current of about 3.6 mA
and into creeping glow.

To avoid this high sensitivity to
changes in E,, many Nixies age operated
with E, close to 200 yolts ragher than at
170 volts. Draw the Joad line, Fig 3-c,
from the actual E, through the center
(2.25 mA) of the operating curves. The
slope of the line gives R, of 22,000
ohms. With these values, the circuit will
tolerate a change in E, of about = 5%
(10 volts) without the load line drifting
out of the operating region.

But R, should be set close to its
calculated value. As R, changes, the
slope of the load line changes, and this
again can lead to either partial or creep-
ing glow. Current flow for any set of
conditions can be calculated from the
equation given in Fig, 3-

oo o
; i
Partial glow --/,// ;'7%/2/&
By now you k‘nay have decided that
a Nixie is nothing more than a glorified
neon indicator tube. You are partly
right, but only because we've been talk-
ing about energizing just one cathode at
a time and leaving the other cathodes
open. Since the open cathodes can’t
draw any current, they can’t act up very
much.
Put a Nixie into a circuit, however,
and you usually want to drive it with a
transistor, not a rotary switch. The cir-
cuit shown in Fig. 4 is recommended by
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FIG. —TRANSISTORS are usually used
to drive Nixie cathodes.

manufacturers of the indicators and uses
an npn transistor for each cathode,
When one of the transistors is turned
on, it becomes a low resistance and
grounds its associated cathode, turning it
on. The other transistors are off and
present a very high impedance to the
flow of current from anode to cathode
and thereby to ground.

Assume that the transistor for the
cathode of numeral “1” is turned on.
and “1” is lit. What is the voltage at the
collectors of the off transistors—such as
for numeral “0"?

If the transistors were perfect, they
would act like infinite resistances and no
cathode currents would flow unless the
transistor was on. But transistors are not
perfect and there is a leakage current
from the off cathodes through the off
transistors.
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The magnitude of the off current is
a function primarily of the leakage cur-
rent characteristic of the transistor,
while the voltage at the off cathodes is
determined by the collector breakdown
voltage of the transistor. What the cir-
cuit requires is a transistor with low leak-
age current and high collector break-
down voltage.

Extensive experiments have been car-
ried out to determine what levels of
leakage current and volfage can be toler-
ated before objectionable glow is gener-
ated by numerals that are supposed to
completely off. Figure 5 shows typical
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FIG. S5—INTERFERENCE between one
cathode and another depends on how
close the two are and how closely their
shapes match.

leakage current flows through off cath-
odes as a function of cathode voltage,
which is called the “prebias voltage”.
Numeral “0” is on, which means that its
cathode is grounded (or has on equiva-
lent prebias voltage of zero) and current
through *“0” cathode is 2.25 mA. Now
look at the curve for cathode “2”. When
its prebias voltage is 140 volts, and if E,
is 170, then the voltage available to “2”
is 170—140 or 30 volts, and the current
flow is way down around zero.

Let the voltage on “2” drop to 100
and the current rises to well over 100
wA. As the prebias voltage drops fur-
ther, leakage current continues to in-
crease until eventually “2” will start to
turn on.

When you perform the same tests
on cathode 6 (“0” still on) you get lesss
leakage current but the shape of the
curve is approximately the same. Why
should you get a different current flow
for “6” than for “2”? Look at the actual
arrangement or stacking of the cathodes
as indicated in Fig. 1. Cathode “2” is
physically close to cathode “0”. Further,
the top of cathode 2 is the same shape
as the top of 0: the result of nearness
plus conformance of shape results in
high leakage current for “2” when “0” is
on—some of the action at “0” makes
“2” pervous. But look at the curve for
“3” when “0” is on: practically nothing.
Now look where “3” is in the stacking—
it's as far away from “0” as it can be
and it's on the other side of the anode as
well.

If you perform the same tests with
the rest of the cathodes, you get Si_l'nﬂa].
curves. When “8” is on, it has more gf
fect on 4 and 7 than on 0 and 1. 1

All right, you say, so you get 5
little leakage—who cares? We now go ty
the second set of experiments, which try
to answer the question, “How mugcj
leakage current causes an objectionablg
glow from cathodes that are supposed tg
be off 7

Fig. 6 shows how some observer
judged the effects of leakage. Again,
cathode “0” is on and the others are off,
Based on the leakage characteristics for"

OBJECTIONABLE
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FIG. 6—BOTTOM POINTS for each cath-
ode indicate first appearance of a glow:
Top points show where glow hecomes
excessive.

“0” (Fig. 5), we know cathode “2” i
going to bomb out first if anything does,
Observers report that barely perceptible
glow appears on “2” when the leakage is
about 110 wA, while its associated pre-
bias voltage is 120 V; when the prebias
drops to 70 V, the leakage is about 250
pA and the glow on “2” is obvious and
“probably objectionable”.

But look at cathode “3”. To get a
glow at all you have to take the prebias |
down to 35 V—it's almost turned on.
But as soon as “3” does start to leak, it
really acts up—it only needs about 35
pA to become a clown.

Turn the 10 cathodes on one at @
time and measure all other cathodes to
find objectionable glow limits and you
come up with 90 dots as shown in Fig
7. According to this drawing you will
never have a bad glow if you keep leaks
age current below 20 pA, or if you held
the prebias at 70 volts and above. And’

if you can hold leakage below 2 pA, (al
all operating temperatures), says Buf
roughs, you won’t ever gef a noticeabl_t’-f
clow even for sensitive combination$
(such as “0” on and 3 at prebias of 35}
And for most tubes, 60 volts prebias—
instead of 70—is good enough.

One situation which almost dcﬁeli_§
analysis is, “What happens when on®
cathode is on and two or more staft
glowing?’ You can expect that two htﬂ?_;
glows (or three or four) may be WOISE
than one little glow but probably bettef
than one big glow. Play safe and ke¢R
the glows down.
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FIG. 7—OBJECTIONABLE GLOW occurs

for the 90 different combinations of one
cathode on and other supposedly off.

lonizing peculiarities

Neon indicator tubes must be
freated with due respect to the
limitations of cold-cathode devices. Many
of the limitations are not serious—that
is, they are easily overcome—but they
can cause a lot of tree-climbing or head-
bashing-against-the-wall action if not un-
derstood.

One of the major variables of the
neon indicator tube is turn-on time,
which is the same as ionization time.
Cold-cathode devices depend upon ex-
ternal radiation for initial ionization.
You can apply rated voltage between
anode and cathode and wait, but nothing
will happen until a cosmic ray or an
energetic particle from an atom under-
going radioactive' decay strikes the cath-
ode and starts the electrons flowing.
Once started, the ionization is self-sus-
faining through the action of the elec-
ttons jumping around.

The starting incident does not need
[0 be an energetic particle. Ordinary
light—natural or man made, and bright

enough to allow easy viewing—provides
enough energy at the cathode surface to
insure ionization under most conditions.
Ionization can also be made more cer-
tain by applying increased voltage across
the tube (without exceeding ratings) or
by applying the voltage fast rather than
slow. In addition, ionization time is af-
fected by how long the tube has been
sitting around without being turned on.
The longer it’s been inactive the lazier
it is.

Burroughs Corp. says that ioniza-
tion time will almost always be less 100
psec in normal applications and with
usual light levels. But the variations in
the characteristics of cold-cathode tubes,
plus the variations in local lighting and
background radiation, are such that ioni-
zation time may be as short as 1 usec or
as long as several seconds.

What happens when you want to
use a Nixie in a coal mine in total dark-
ness? In this case it may be more a ques-
tion of what will not happen—the in-
dicator may never turn on. But there’s
really no need for this type foul-up if it
is known beforehand that the tube is go-
ing to be used in absolute darkness. The
manufacturers have developed a special
tube that contains a small amount of ra-
dioactive Krypton 85 gas, which is rela-
tively inactive but emits a particle suf-
ficiently often to cause the tube to turn
on within 50 msec usually, and within 1
sec pratically always.

How to dim

Cold-cathode indicator tubes are
bright enough for use in fairly strong
light, Sometimes, however, the tubes are
too bright—as in radar rooms and air-
craft cockpits—and dimming methods
are needed. Reducing the voltage across
the tube may produce slight dimming
but runs into the problem of failing to
completely light some cathodes.

The simplist way to reduce bright-
ness is to use an optical filter in front of
the tube. If continuously variable bright-
ness control is not needed, optical filters
can work well. Polaroid filters are avail-
able, in fact, that reduce brightness and
reflections at the same time.

If electrical control of brightness is
needed, two techniques are available. In
the first method a cathode is turned on
for awhile, then off, then on again, etc,
at a regular rate or frequency. If the
fixed frequency is 50 Hz or higher, the
tube appears to be on continuously, and

the apparent brightness is a function of
on time to off time—the duty cycle. The
maximum duty cycle is 1.000, or contin-
uously on. The minimum duty cycle is
determined essentially by the ionization
time—100 psec for reliable operation—
which gives an on-to-off ratio of 1 part
in 200, or a duty cycle of 0.005 (or
0.5%).

The second way to control bright-
ness also uses the concept of duty cycle
but in this case the on-time of a cathode
is fixed—again, 100 psec minimum—a
the period between on-pulses is varied.
If the on pulses arrive once every 100
psec (or whatever the on time is set to)
the tube is on continuously, the duty
cycle is 1, and brightness in maximum,
If only 50 on-pulses per second, (min-
imum rate for flicker-free viewing) are
applied, the duty cycle is 0.005, (with
100 psec on-time) and brightness is way
down.

Both methods give the same results
but the fixed frequency method causes
less power dissipation—because less
switching is required—in the drive cir-
cuits, Usually the on-pulses are applied
via the anode. The tubes are often
driven from a 200-volt supply and the
anode voltage only has to be lowered to
below 110 volts to turn the tube off.
Anode control also eases the breakdown
voltage requirements of the drive tran-
sistors in the cathode circuits.

Do you remember the story about
the little girl who read a book about al-
ligators, and when her teacher asked her
how she liked it, said: “This book told
me more about alligators than I wanted
to know.”

While more could be said about the
cold-cathode indicator tube—and about
its competitors who are fighting for a
chance to be seen—we’ve about run out
of space.

One recent development should be
mentioned. The tubes are usually driven
by combination decoding/driving circuits
that figure out which cathode of a given
tube is to be turned on. Since the decod-
ing/driving circuits can account for
50% or more of the cost of a numerical
display, efforts have been made to use
one decoder/driver for more than one
tube—that is, multiplexed operation.
This has led to the development of high-

current tubes that operate with from 5.

to 15 mA and at somewhat higher volt-
age. The multiplex type tubes are not in-
terchangeable with the regular type. R-E

.Touch Switch

This simple touch switch can turn on appliances, lamps, etc., with a
finger touch. it features safe, low-voltage operation. The touch plate
may be an etched circuit board as shown, or simply two copper tacks
close enough that both can be touched simultaneously. The touch-
plate circuit must be isolated from the ac line.

PARTS LIST
1 HEP 320 or 2N5060 silicon controlled recti-

fier (SCR)

110,000 ohms, Y watt, 10% resistor
1 0.5-,F, 25-volt (or higher) capacitor
6 1.5-volt batteries (9 volts)

1 500-ohm relay
1 Touch plate
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