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Electrically neutral atom 

electrons in orbit (- charge) 
nucleus containing protons (+ charge) 

Atom now has a net positive charge 

The positive ion is now attracted to the 
negative electrode and will also attract and 
combine with free electrons, emitting light. 

Fig. 1: Ionization of an atom 
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Pc* Processing Dynamics 
What's happening inside the tube affects the finished product 

Hflany neon fabricators haven't the 
slightest interest in subjects like the 
nature of pressure, electron behavior, 
mean-free path and gas-molecule be­
havior. Of course, it's possible to 
learn the bombarding process with­
out understanding the physical dy­
namics inside a neon tube, but it's 
equally true that those who under­
stand the science behind neon pro­
duction have a distinct advantage. 

It's always necessary to adjust the 
standard bombarding process some­
what to accommodate the particular 
physical characteristics of each unit. 
Tube length, diameter, glass compo­
sition, phosphor coating (single or 
double), electrode size and relative 
humidity all affect physical reactions 
during processing. Thus, understand­
ing the tube's internal dynamics helps 
you make appropriate adjustments. 
Paying close attention to visible and 
audible signals during bombardment, 
as well as monitoring instruments, 
plays a key role in achieving optimal 
results. 

Ionization 
First, let's examine how some fre­
quently used terms relate to the bom­
barding process. One of the first 
steps in bombarding is opening the 

Various glass diameters and fill pressures produce dramatically different results, including arc-
stream matriculations in high-pressure neon fill (inset). 

main stopcock to evacuate the tube. 
This creates a partial vacuum inside 
the tube, allowing the bombarder to 
strike an arc. This step also creates a 
condition where the number of gas 
molecules inside the tube is less than 
the number in the outside atmos­
phere. Reducing the tube's internal 
pressure also reduces its electrical 

resistance, making it easier to light. 
This is true because, at lower pres­
sure, fewer gas molecules are present 
inside the tube. Thus, resistance to an 
electrical discharge is also less. 

What happens inside a neon tube 
when we strike an arc? Ionization (in 
this case, the process of creating pos­
itive ions) occurs when a gas mole-

Atom is bombarded, dislodging electron(s) 

(m , dislodged electron 

accelerated electrons 



Circle Reader Card No. 176 

in mm iiiii mm 
Rest easy... 

we have the solution! 

The NEON POWER PRO™ Line of Neon Safety Products 
AVAILABLE FROM YOUR SIGN SUPPLY DISTRIBUTOR! 

©NEON -
CABLE £ 

• Fail-proof installation every time 

Factory assured quality 

_ Zero clearance (these wires can touch anything!) 
listed SAFETY EA 3 year warranty 

SYSTEM E^ Retrofit kits available for problem signs 

P.O. BOX 9588 
WICHITA, KS 67277-0588 
www.neonpowerpro.com 

e-mail: nppstaff @ neonpowerpro.com 
(888) NEON 123 
*  ' 6 3 6 6 1 2 3  

Improve your 
performance 
with K50001 
• New UV-Polymer 

Adhesive 

• Semi-Gloss Finish 

• 33 Colors 

• 5-Year Calendered 
Vinyl 

Call us today to arrange 

a test drive. 

GRAPHIC PRODUCTS 

Phone: 800-79I-8963 
Fax: 800-45I-3724 
www.kapcographics.com 

of Kapco's full line of vinyls, inkjet media and supplies. 

Circle Reader Card No. 45 
SIGNS OF THE TIMES / SEPTEMBER 1999 45 



Circle Reader Card No. 177 

NEON TECHNIQUES 
Leadership takes experience... 

Viscous flow, molecular flow 
and mean free path 
If fewer particles are available for 
collision in a tube under vacuum, 
why does a reduction in pressure 
during bombardment cause the elec­
trodes to heat up? As I previously 
pointed out, when a neon tube is 
first connected to the manifold, its 
internal pressure is roughly the same 
as the outside atmosphere. If we try 
to strike an arc at this atmospheric 
pressure, not much happens. Hence, 
the operator must first evacuate the 
tube to reduce the number of gas 
molecules. When this is done, the 
average distance a gas particle must 
travel before it collides with another 
particle increases. This distance is 
also called the "mean free path." 

Ilow does mean free path relate to 
neon processing? At atmospheric 
pressure (760 mmHg), approximately 
3 x 1019 molecules per cubic centi­
meter are present under standard con­
ditions (i.e., 760 Torr @ 0 degrees C). 

| That's equivalent to 30 million trillion. 
I certainly didn't count all these mole­
cules personally, but some guys in 
lab coats with big foreheads and 
diesel calculators did. Furthermore, 
except for perhaps an obscure cult of 
Norwegian ice fishermen ( who use 
bombarders to keep warm and cook 
their fish), most people don't bom­
bard at 0 degrees Celsius. 

Regardless of these finer points, 
the mean free path is very short at 
atmospheric pressure (760 Torr). It 
equates to approximately 2 millionths 
of an inch (2 x 10 6 in.). This wide 
range of pressure above 1 x 102 Torr 
is called "viscous flow" because the 
densely packed molecules behave 
like a fluid and are easily removed by 
the vacuum pump. The molecules re­
semble a crowd of people rushing 
full speed through a tunnel because 
they tend to carry each other along 
(Fig. 2). When we reduce pressure 
by opening the main stopcock, how­
ever, we increase the mean free path 
by reducing the number of gas par-
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NEON TECHNIQUES 

tides in the tube. As a result, the 
particles can develop greater velocity 
before colliding with other particles 
during bombarding. 

Consequently, more frequent and 
violent collisions occur at the elec­
trodes, transferring more mechanical 
energy to the shells. The electrodes 
heat up and, if we continue to reduce 
pressure, the collisions become so 
violent that bits of the metal shells 
are blasted away and deposited on 
the glass. This undesirable "sputter­
ing" process can also occur at the 
end of a neon tube's life when the 
rare gas molecules have been "cleaned 
up" antl the rare gas pressure has 
been reduced to almost nothing. 

Virtually all bombardment takes 
place in the viscous flow range of 
1-4 Torr. It's possible to reduce the 
pressure inside the tube to a point 
where so few particles are available 
that the electrical discharge is extin­
guished. Many old-timers checked 
the quality of a tube's final vacuum 
after bombardment by briefly engag­
ing the bombarder. After pumpdown, 
absence of ignition or discharge was 
interpreted to mean all gaseous con­
taminants had been removed and 
the tube was ready to fill. This test 
was known as "flashing" (not to be 
confused with the kind you get 
arrested for). 

After bombarding, you must evacu­
ate the disltxlged gas molecules from 
the tulx* before it ccx)ls. If not, the mol­
ecules reattach themselves to the walls 
of the glass. This can interfere with the 
neon tube's longevity and aesthetic ap­
peal. Depending on the efficiency of 
your system, as the final post-bombanl-
ment evacuation continues, either the 
manifold and, in some cases, the neon 
unit itself can approach what is known 
as the "molecular How range." During 
this pumpdown, a transition occurs 
from viscous flow (where molecules 
have a direct effect on each other, 
pulling each other along on the way to 
the manifold and vaccum pump) to the 
molecular flow range (less than 1 x 10-3 
Ton ). At this vacuum level, the mole-
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NEON TECHNIQUES 

cules are so few in number that they no 
longer pull each other along (Fig. 2). 
Their motion becomes random. 

At this point, the operator should 
, realize that, despite all the noise 
f coming from under the workbench, 

nothing is actually being pulled out 
of the tube. Remember that, in the 
molecular How range, gas molecules 

j no longer behave like a liquid, but 
I have minds of their own. The re­

maining molecules may or may not 
| exit the tube, but you can slightly in-
I crease the probability of additional 
[ evacuation by using a shorter, larger-

diameter tubulation. Also, a short, 
1 large-diameter manifold with a mini­

mum of 90-degree bends increases 
the likelihood that randomly bounc­
ing molecules will exit the system. 

Molecular How does not depend 
| on pressure alone but also relates to 

the dimensions of the neon tube be­
ing processed and the manifold. A 

I key factor is whether the mean free 
I path is longer or shorter than the di­

mensions of the manifold and tube. 
But pressure has a dramatic effect on 

I the length of the mean free path. For 
| example, at a pressure of 1 micron 
I (1 x 10-3 Torr), the mean free path of 
I a molecule is 2 in. At 1 x 10-9 Torr, 

the mean free path distance becomes 
30 miles! 

While some may contend that most 
neon tubes never reach molecular 
(low during processing, many mani­
fold systems available today are capa­
ble of pumping down to this range. 
With these systems, a short, large 
diameter, straight manifold ensures 
that most of the trash in a neon unit 
evacuates to the vacuum pump before 
you fill the tube with rare gas. 

This raises a question about back­
filling tubes. It seems logical that re­
introducing millions of rare gas mol­
ecules back into the system will 
sweep any residual gas molecules 
(contaminants) in the manifold back 
into the tube. Could this be a prob­
lem? 1 will examine this question in 
my next article. • 
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