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‘* MINIATURE STANDARD SUPER JUMBO JUMBO
7009 (BD200S) 6844-A 7153 B 7011 B703%
g 4021 B 5031 B 6033 (Tentative) SIDE VIEWING
MECHANICAL
4 Overall 1.175" max. (cut leads) | 1.380” max. 1.625" max. 3.750” nom. 5.250” nom.
Length 2.325” max. (long leads)
B é? A Seated 0.925” max. 1.125” max. 1.325” max, 3.00” nom. 4.50" nom.
" Height
' Buib 0.650” max. 1.080” max. 1.350” max. 3.125” nom. 2.000” nom,
Diameter
Envelope See Fig. 6 See Fig. 5 See Fig. 5 See Fig. 5 See Fig. 4
Connections
Height of 0.305" nom. 0.610" nom. 0.808" nom. 2.250” nom. 2.000" nom.
Numerals
Socket SK-116 HSK-106 or HSK-106 or SK117 SK1l7
Fig. § HSK-112 HSK-112 Fig. 10 Fig. 10
Fig. 8 Fig. 8
Weight 0.2 oz. i 0doz 0.8 oz. 4.0 oz. 4.0 oz.
Mounting See Note 1 See Note 2 See Note 2 See Note 2 See Note 2
Position
: Cathode (s) Glow Glow Glow Glow Glow
! Discharge Discharge Discharge Discharge Discharge
f s . s
E Egyiggﬂﬁﬁi?ﬁi Shock 55 G's 55 G's 55 G’s
i . . . , Prototype
Vibration 10 G’s 10 G's 10 G's Prototype ;
BATé 60 Cpc. 60 Cps. 60 Cps. i‘f;iarmahon ggtmmatmn
Temperature —65°C through ~65°C through | —65°C through | Available Availabie
+70°C 4+-70°C +70°C
See Note 3 See Note 3 See Note 3
Altitude 70,000 feet 70,000 feet 70,000 feet
Note 1 The tube socket is mounted with respect to the view- center of Pins 1 and 8 is vertical with Pin 8 on top.
ing position so the infersecting pins 1 & 7 are vertical This orients the numerals in the correct vertical posi-
with pin #7 on top. This orients the numbers in the tion. They are viewed through the top of the tube,
correct vertical position. They are viewed through the except type B7031 which is viewsed through the side.
top of the tube. Mote 3 From --30°C to +70°C, no significant change in cath-
Note 2 See Fig. 8. The tube socket is oriented with respect ode current occurs. From +30°C to —68°C an increase
) o the viewing position so that A—A!, intersecting the in cathode current {up to 50%) may be expecled.
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SUMMARY: The electrical characteristics are explained and
circuit design data is discussed for the complete family of Nixie
tubes including the new Ultra Long Life Series. fonization and
operating voltages as well as full glow current requirements are
defined. Various methods of operating these indicator tubes
such as from mechanicat switches, transistors, and Beam Switch-
ing Tubes are described. The method of selecting the circuit
parameters such as supply voltage, series resistance, pre-bias
vaoltage and switching voltage are discussed. Other general
design information is also given.

ELECTRICAL CHARACTERISETICS: Nixie Indicator Tubes
are current operated devices. They require a minimum cathode
current density to assure complete glow and a maximum cathode
current limit to provide maximum life, Sufficient B4 voltage
and appropriate series resistance are the means for assuring
ionization and controiting the cathode within the
specified limits,

Figure 1 is the basic Noue Tube test circuit. This circuit was
used to obtain the characteristic curves for the family of Nixie
Tubes shown in Figure 2 and Figures 7 through 12. The same
circuit with fixed B+ and fixed series resistor is used as a
production test for all tubes, The B+ and fixed resistor vaiues
as well as the cathode current limits for the various Nixie fubes
are shown in tabulated form under the Test Conditions section
of the Electrical Data portion of this brochure.
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Figure Z2-—8844A Characteristic Curves

Figure 2 shows the limits of the tube voltage versus cathode
current . vs. ) characteristics curves for the 6844-A Nixie. The
following interpretation and discussion of the 6844-A charac-
teristic curves applies to the curves of the other Nixie Tube types
shown in Figure 7 through 12. As shown in Figure 2, a2 170 volt,
15 K ohm load line intersscts the characteristic curves at points
E and F corrssponding to the cathode current limits of 1.5 Ma.
and 3.0 Ma. Other recommended load lines are also shown. The
minimum cathode current necessary for full glow of any cathode
is slightly less than 1.5 Ma. for the type 6844-A. Increasing the
cathode current results in greater intensity but shorter tube life.
in order to obtain sufficient brilliancy and maximum tube life,
the 6844-A cathode current should not exceed the limits of 1.5
Ma. to 3.0 Ma. The optimum design would be a constant current
circuit providing a cathode currsnt of 2.0 Ma. for this tube type.

SUPPLY, IONIZATION and SUSTAINING VOLTAGES:
As mentioned above, the Nixie is basically a current operated

device. However, the voltage necessary to provide the required
cathode current is also very impartant for satisfactory operation
of the Nixie tube. As shown in the Electrical Data Section of
this brochure, the recommended minimum supply voltage is the
same as the maximum ionization voltage. This is to assure fon-
ization and proper operation of the particular Nixie Tube type.
For example, the maximum ionization voltage and minimum
supply voltage for the type 6844-A is 170 volts. Although many
6844-A Nixie Tubes will ionize below point B (Figure 2), the
jonization voltage range should be considered to extend up to
point A, {170 volts). Therefore, A, represents the recommended
minimum supply voltage. In addition, if a B4 voltage less than
the minimum recommended supply voitage of 170 volts is used,
a load resistor smaller than 15 K ohms would be necessary to
establish the average cathode current of 2.0 Ma. for the 6844-A,
The resulting lpadline would intersect the limiting characteristic
curves above and below the recommended cathode current
{imits. Again, this infers that a supply voltage of less than the
B+ used in the production tests is not good engineering
practice and is not recommended.

In tigure 2, points E and F projected onto the ordinate establish
points B and D. The distances OB and 0D, therefore, represent
the limits of sustaining or tube voltage drops as the operating
point moves along the 15 K ohm loadline from point £ to point F.

PRE-BIAS: Voltage swings fower in amplitude than the recom-
mended minimum supply voltage can be used to operate Nixie
tubes by pre-biasing the “off" cathodes as seen in Figure 3.
Pre-hias voltage is defined here as the potential difference be-
tween the “on” cathode and the “off" cathodes. The curve in
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Figure 3—Basic Nixie Tube Pre-Bias Circuit

Figure 4 indicates how the current of the “off" cathodes varies
as the pre-bias voltage varies. The circuit in Figure 3 can be
used to observe the effects of pre-bias. As shown, if the “off”
cathodes' voltage is raised above the anode voltage (B minus
drop across R.), they will take over as the anode and accept
electron current. The anode and series anode resistor would then
fose control of limiting the “on" cathode's current. Figure 4 also
shows that as the “off” cathodes’ voltage is lowered below the
anode voltage, they will accept ion current. If this ion current s
excessive, all of the “off" cathodes will become visible as a
background haze. From this discussion it can be seen the upper
fimit of the pre-bias voltage is less than the lowest anode voltage
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Figure 4—Pre-Bias Voitage vs. Current
Characteristics of the Type
68444 Nixie Tube

of the “high current” Nixie tube {point D, Figure 1). The lower
limit of the pre-bias voltage is determined by the objection to
the eye of the background haze. It should be noted that a red
filter eg. wratten “A” minimizes the background glow in the
Ultra Long Life Series and as a result a lower pre-bias voltage
than shown in the following chart (for the Ultra Long Life Series)
can be used. As a rule of thumb, the lower limit of pre-bias
voltage is one-half of the sustaining or operating voltages (voit-
age between “on” cathode and anode). The table below illus-
trates typical pre-bias voltage limits:

Tube Type Pre-Bias Voltage Limits
({referenced to “on” cathode)
7009 60Vt 75V
84021 50Vvto 75V
84032 75Vto 120V
6844-A 75Vto 120V
B5031 75Vto 120V
7153 75Vio 120V
B6033 75Vto 120V

The lower the pre-bias voltage, the lower is the voltage swing
required from the driving source. For example, the driving source
would have to provide an eighty volt signal to lower the newly
selected cathode from the pre-bias voltage of eighty volts to
ground or to the potential of the “on"” cathode.

SERIES RESISTOR: For most 6844-A applications, the re-
sults obtained by using a 170 volt supply voltage in conjunction
with the 15 K ohm lead resistor are satisfactory. In many appli-
cations, it is preferred to keep the resulting range of cathode
currents and glow intensities to a minimum. One way of ac-
complishing this is to select a higher supply voltage and use an
appropriate higher value of load resistance. The higher the B4
and series resistor, the more nearly the circuit approaches a
constant current one and, as a result, better Nixie tube opera-
tion is obtained.

The method of selecting the series load resistance, knowing the
available supply voltage, is as follows:

{1} Seiect the desired center value of cathode current, e.g. 2.0
Ma. for the type 6844-A.

{2} Erect a line normal to the abscissa at this point. This normal
line will intersect a line drawn midway between and paraliel to
the limi.ing characteristic curves at point G.

(3} Connect this point G with the selected supply voltage on
the ordinate, e.g. 250 volts point A, The inverse slope of this
line will represent the necessary load impedance which in this
case is 56 K ohms. In other words the voltage drop across the
series resistor must be such that the sustaining or tube voltage
is the same for all values of supply voitage. For the 6844-A type,
the series R, in K ohms for any given supply voltage is B+
minus 140 volts (average sustaining voltage} divided by 2.0 Ma.
(average cathode current). It is evident that the range of cathode
current diminishes as the slope of the loadline becomes steeper.
Therefore, a higher supply voltage is always preferred; e.g. point
A;, as compared to A,

BEAM SWITCHING TUBE DRIVE: The ideal driver for
Nixie Tubes is a constant current source, e.g. the Beam Switch-
ing Tube. In addition to Figure 5, additional specific circuits
using Beam Switching and Nixie tubes can be found in Bulle-
tin 826 and Supplement 1, describing the Burroughs line of
decade counters.

Beam Switching Tubes and Nixie Tubes have been designed as
companion units for those applications requiring both counting

and yvisust readogt. Therr operating vaol and currents are

compatable so that optimum performance of the Nixie Tube
readout can be assured. In addition, the Beam Switching Tube
can aperate multiple Nixie tube displays, even remotely located
several hundred feet away.

In many applications, a Beam Switching Tube can effectively
replace eighteen transistors (ten high voltage ones) and forty
diodes. New miniature Beam Switching Tubes, type BD-203 and

shielded type BD-316, are now available. These new miniature .
Beam Switching Tubes have been designed to (1) allow smaller :

packaging, {(2) be compatable with transistor drive circuits, and
(3} provide Nixie Tube readout.
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TRANSISTOR DREIVE: The pre-bias limits of the Nixie tube
imposes voltage requirements on transistors used to drive them.
The pre-bias voltage is the back voltage requirement imposed
on the transistor. This implies that transistors with 75 to 100
volt ratings are reguired. Two such transistors are the RCA
2N398 and GT 1200. The 2N398 is a PNP Xistor and requires
nine transistors to be conducting. The “cut-off” 2N398 would
be associated with the “on" Nixie tube cathode. The GT 1200
is @ NPN Xistor and the one associated with the “on” cathode
would be conducting. There are many other transistors capable
of driving the Nixie tubes. The Nixie tube types more compatible
with transistors are the 7009 and B4021 (BD-244}). Both of
these tubes can be pre-biased to a lower voltage and hence
require a lower drive signal. The difference in the tubes as
noted in Figure 7 are the tighter production limits and lower
B+ voltage requirements for the B4021.

IONIZATION TIME: onization time of the Nixie tubes is an
inverse function of the number of available free ions in the tube
and the applied voltage. It may be anywhere from 10 micro-
seconds to 100 microseconds or more. The number of free ions
can be increased either by subjecting the tube to radiation or
by ionizing an unused pin or cathode thraugh a high resistance,
e.g. 20 Megohms.

EILTERS: For many applications, the use of a light filter may
enhance the appearance and readability of the Nixie Tubes,
Circular polarized filters {Type HNCP manufactured by Polaroid
Corp. Cambridge, Mass.) eliminate reflected light and improve
contrast, In addition two fayers of the material can be or
iented to control the light intensity over a wide range. Pelaroid
Corp. offers a Type HACP Amber filter which makes both reguiar
and Ultra Long Life Nixie Tubes appear identical. The same
effect is obtained with red or red tinted filters; eg. wratten A

DIMBMING: Many applications require a lower light output
from the Nixie Tube. Methods of employing filters to control
intensity are mentioned in the Filters Section of this brochure.
The light output of a Nixie Tube is a function of the average
cathode current. Since the Nixie is a current operated device
and, in addition, 2 minimum cathode current density is required
to assure full numerical glow, it is not recommended to reduce
the cathode current below the lower test point {see Ik minimum
Test Condition portion, Electrical Data Section) since partial
glow may result, This implies that increasing the series resistor
as a means of reducing cathode current and hence output in-
tensity is not recommended. One method of electrically control-
ling the output intensity is to vary the duty cycle of the cathode
current by employing a pulsed operation. This pulsed operation
of the peak cathode current has been limited to the average DC
current. In this way, the light output has been reduced without
a sacrifice of tube life. In this type of operation, the human eye
functinns as a Hght infegrator sensing only the average hright-
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Figure 8—Nixie Tube Dimming Circuit

The circuit, as shown in Figure 6, consists of a free-running
multivibrator, one output of which is directly coupled to a
cathode follower. The multivibrator produces positive pulses of
200 volts amplitude and 100 microseconds duration at variable
repetition rates. The high output impedance of the multivibrator
is transformed by the cathode followsr to a low impedance
source driving the Nixie Tube or Tubes.

The cathode follower is also made a functional part of the multi-
vibrator charging the large 2700 uuF capacitor by its autput.
Plate cne of the multivibrator is thereby allowed Quickly to
recover to its positive buss being loaded only by the high im-
pedance input of the cathode follower,

The 1.0 megohm potentiometer is part of the time constant that
determines the repetition rate of positive pulses appearing at
the output and is therefore used as a brightness control. Poten-
tiometers having a logarithmic or similar taper will allow the
brightness of the Nixie Tube to be a nearly linear function of
the-control shaft’s displacement.

The cathode follower swings between approximately 50 volts
and 250 volts above ground in accordance with the output of
the multivibrator and must be capable of handling the total
current required for the number of Nixie Tubes used. The type
12AU7 tube can handle several Nixie Tubes and is, therefore,
sufficient for most applications of this circuit. The average
cathode current for various types of Nixie Tubes is tabulated
under the absolute Ratings of the Electrical Data Section of
this brochure and can be used to calculate the total current

e’

Every Nixie Tube should have a separate current limiting resistor
R whose value is shown below.

TUBE TYPE VALUE OF R
6844-A 9K O
B5031 BKO
7009 100K O
B4032 82K 0
7153 3BKQ
86033 27KQ

After the circuit has been turned off for a longer pericd of time
(24 hours or more) and energized again, it is advisable to in-
crease the brightness to maximum for a few seconds befare
operation at fow brilliancy is attempted. This is necessary be-
cause of the increase in ionization time of the Nixie Tubes when
de-energized for a period of time. A few seconds of operation,
however, is sufficient to raplenish the necessary supply of free
ions in the tube and reduce the ionization time.

For aptimum results, the impedance in the cathode circuit of
the Nixie Tubes shouid be low, The rotary selector switch used
in Figure 1 is a good example. It is possible, however, to adopt
this technigue fo those circuits where the Nixie Tube cathodes
are energized by vacuum tubes or other electronic means.

LIFE:The normal dynamic life expectancy of the standard Nixie
Tubes is in the order of 3000 to 5000 hours. Under the special
operating condition where continucus ionization of only one of
the ten cathodes is required, the life would be reduced to from
500 to 1500 hours depending upon tube type and current. it
should be pointed out, however, that this static type of operation
is unrealistic for most applications. If the cathodes are changed
sequentially as infrequently as once a day (24 hours), the life
would then be extended to the 3000 to 5000 hour range. The
Ultra Long Life Series of Nixie Tube tvpes recently announced
have both a static and dynamic life expectancy of at least
20 times that mentiored above. They have the added ad-
vantage of greatly increased life for those applications requiring
continyous display of one of the ten characters for extended
periods of time. Under these stringent conditions a minimum of
20,000 hours static on one numeral can be expected. Where the
display is changed sequentially, even as infrequentiy as every

drain through the cathode follower. 100 hours, life in excess of 100,000 hours can be expected,
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SPECIAL

Nixie lubes which contain special characters are available in Miniature,

slandard and Super sizes. Typicat of the characlers which can be
displayed ares

1. ali twenty-six letters of the alphabel
2. Plus and Minus signs
3. Omega, <, =, slc.

m alf cases, as many as ten of thesc characters can he contained in
ore tube without difficulty, I special cases, it is somstimes possible
to empicy as many as twelve characters in @ single tube. In addition,
characters can be combined with digits to form alsha-numerical dis-
ptays in all tube sizes.

bue to the particularly heavy demang for plus and minus and alphabet
tubes, cerlain lypes are maintained in stock for Immediate delivery.
They are the foilowing:

TENTATIVE SPECIFICATIONS
The HB-105 is a gas fillad, cold cathods, 10 position read-out device,
havisg & common anode. It features 10 glow posilions, 38 apart,
visisle through 10 numerical perforations (0 1o 9} in the common znode,
in the manner of an internal bersl with the indicated number deter-
mined LY the positiens of the clow dischargs. Advantagee ot this tube
are its ability 1o ionize more than one cathode simultaneously and it
operates at vary low currents.

MECHANICAL DATA:

Qverall lengih . . . 1.380" max. Socket . . . . . {HSK-111}
Basc to hold-down fine 1125 max. Weight . . . . . .1 0Z max.
Bulb diameter . . . 1.08CY max. Mouhting Pasitian . . Any
Envelope cennections . see table

ELECTRICAL DATA:
1. Absolute ratings:

lonization voltage . . . . . . . 150 V DC minimum

Cathode ocurent . . . . . . . 0.25 MA average

Cathode current . . . . . . . Q.00 MA peak

Individual cathode wattage . . . . .08 watts maximum
2, Tast conditions: See Basic Circuit — Fig. 1, pg. 4

Ancde supply voltage . . . . . . 150V DC

Ancde series resister . . . . . . 82 Kohms

Cathode current . .- . . . . . 0.200 MA minimum

The Bi-Ruinary is a tube which contains ten cathodes [dipits 0-g} and
ic similar mechanicelly to the slandard 6844A WNixia tube. However, the
tube is designed as an indicator for a binary cocded decimal or biguin-
ary counter. This is accomplished by isolaling the odd and even cath-
odes by means of a shield slectrode and by the utilization of 2 anodes,
ore for the odd cathodes and one for the even cathcdes.

4. varipus velues of B can be
used of the "on' anode by us-
ing the appropriate series re-

1. The “off” cathodes” vallage
must be less than 75 volts and
greater than fifty voils regard-

fess of the B used. Ry is used sistor,
to limit blezder current when B— R
pre-biasing the “off” cathodes. 150V 20K
The “pff’ cathodes can also be 175 ¥ 30K
left floaling. 200V 39K

2. The “off” anode voltage must 5 Test Conditions: (Refer fo typi-
be fess than 75 volis !«e%gard;ess ‘;\%gg&"“;;’my voltage 150V

- e .

of the B used for the “on BNOGE TESISIOT «movoennern30 K.

annde.

OFF anode voltage
OFF cathode voitage .
Shigid volfape ...c.cveeeenn 88 VL
Cathode current ...1.5 Ma. Min.
3.5 Ma. Max.

@

The shield must be less than
75 woits.

INDICATOR TUBES

Miniature Size
B4022 (BR-253)—plus and minus
B£028 —pius and minus (low voltaze typel
B4031 —plus and minus {long fife type!
Standard Size

85016 {BD-214)—olus and minus .

B5032 ~plus and minus Jong lite type)
R5018 {BD-215}—A through K less |

R50113 (BR2?1)—L through X less O, @, and U

Super Size
B60LZ (BD-225)-plus and minus .
B&034 —-plus and minus (long life type)

Electrical and mechanical characteristics of special character tubes are
generaily the samce as those for the reguiar lines of Nixie tubes to
which they correspond; ¢.2. B4022 comparable to 7O09; B402E compar-
able to B4021; B4031 camparable to B4032; ete.
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