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Neon sign 
From Wikipedia, the free encyclopedia 

Manufacturing process 

  

Lead glass tubing in external diameters ranging from about 8 to 15 mm is most 
commonly used. The tube is heated in sections using several types of burners 
that are selected according to the amount of glass to be heated for each bend. 
These burners include ribbon, cannon, or crossfires, as well as a variety of 
torches that run on a simple combination of natural gas (butane or propane work 
better, however natural gas is cheapest) and air. 

A section of the glass is heated until it is malleable; then it is bent into shape and 
aligned to a pattern containing the graphics or lettering that the final product will 
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ultimately conform to. 

An electrode is melted (or welded) to each end of the tube as it is finished. The 
electrodes are also lead glass and contain a small metal shell with two wires 
protruding through the glass to which the sign wiring will later be attached. All 
welds and seals must be perfectly leak-proof before proceeding further. 

The tube is attached to a manifold which is itself attached to a high-quality 
vacuum pump. The tube is then evacuated of air until it reaches near-vacuum. 
During evacuation, a high current is forced through the tube via the wires 
protruding from each electrode (in a process known as "bombarding"). The 
current depends on the specific electrodes used and the diameter of the tube, 
but is typically in the 500mA to 1000mA range, at an applied voltage usually 
between 15,000 to 25,000V. The bombarding transformer acts as an adjustable 
constant current source, and the voltage produced depends on the length and 
pressure of the tube. Typically the operator will maintain the pressure as high as 
the bombarder will allow to ensure maximum power dissipation and heating. This 
very high power dissipation in the tube heats the glass to a temperature of 
several hundred degrees Celsius, and any dirt and impurities within are drawn 
off in the gasified form by the vacuum pump. The current also heats the 
electrode metal to over 600 degrees Celsius, which activates a special coating 
that scavenges unwanted contaminants in the tube and reduces the work 
function of the electrode for cathodic emission. When completed properly, this 
process results in a very clean interior at a high vacuum. 

While still attached to the manifold, the tube is allowed to cool while pumping 
down to the lowest pressure the system can achieve. It is then filled to a 
pressure of a few torr with one of the noble gases, or a mixture of them, and 
sometimes a small amount of mercury. The required pressure depends on the 
gas used and the diameter of the tube, with optimal values ranging from 6 torr 
(for a long 20mm tube filled with argon/mercury) to 27 torr (for a short 8mm 
diameter tube filled with pure neon). Neon or argon are the most common gases 
used; krypton, xenon, and helium are used by artists for special purposes but are 
not used alone in normal signs. A premixed combination of argon and helium is 
often used in lieu of pure argon when a tube is to be installed in a cold climate, 
since the helium increases voltage drop (and thus power dissipation), warming 
the tube to operating temperature faster. Neon glows bright red or reddish 
orange when lit. When argon or argon/helium is used, a tiny droplet of mercury is 
added. Argon by itself is very dim pale lavender when lit, but the droplet of 
mercury fills the tube with mercury vapor when sealed, which then emits 
ultraviolet light upon electrification. This ultraviolet emission allows finished 
argon/mercury tubes to glow with a variety of bright colors when the tube has 
been coated on the interior with ultraviolet-sensitive phosphors after being bent 
into shape. Plain argon/mercury fill in clear glass is used for a bright but pale 
blue (or bluish white) color often seen in signs where cost is a major factor. 

The finished glass pieces are illuminated by either a transformer or a switching 
power supply running at voltages ranging between 3,000 and 15,000 volts and 
currents between 20 and 60 mA. These power supplies operate as constant-
current sources (a high voltage supply with a very high internal impedance), 
since the tube has a negative characteristic electrical impedance. The most 
common current rating is 30mA for general use, with 60mA used for high-
brightness applications like channel letters or architectural lighting. 120mA 
sources are occasionally seen in illuminating applications, but are uncommon 
since special electrodes are required to withstand the current, and an accidental 
shock from a 120mA transformer is much more likely to be fatal than from the 
lower current supplies. Neon signs are a type of cold cathode lighting. 

                                                                                                  

Troubleshooting Neon Signs 

Concealed wiring, strain relief and testing limitations make 
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repairs challenging

You're trying to repair a flickering neon sign. You've just checked 10 
neon units and replaced the transformer, but the sign still buzzes and 
flickers. The store owner pokes his head out the door and asks, "How's 
it coming?" Too exasperated to admit that you're dead in the water, 
you muster your best, silly grin and reply, "Ok." The owner goes back 
inside and you resume banging your head on the ladder rail, inventing 
new curses. 

Conceptually, neon systems are simple; however, their high-voltage 
circuitry creates certain problems that are difficult to diagnose. The 
main obstacle to locating problems in the system is the fact that GTO 
cables are normally concealed. This frequently makes locating shorted 
wires a difficult and time-consuming task. Short circuits inside metal 
conduits can create the impression that a transformer is defective, but 
you shouldn't assume this without testing the system. 

Testing tubes, transformers and wiring 

On a malfunctioning neon sign, one portion of the copy is normally 
dark or flickering dimly (Fig. 1). For example, if the letters read 
"SIGNSHOP" but only the "SHOP" is working, you'll want to check all 
four letters in the "SIGN" portion for defective tubes. A bad neon tube 
doesn't transmit current, so the faulty unit won't show any signs of 
life. Sometimes a unit goes "flat." This means that the internal gas 
pressure has dropped to the point where the tube can't properly 
transmit current. The tube may illuminate dimly, but it affects the 
circuit in much the same way as a dead tube. 

If you notice that the "S," "I" and "N" are flickering dimly, there's a 

good possibility that the non-

 

Fig. 1: The serviceman can usually locate the 
malfunctioning letters even in daylight. Notice 
how the "AQ" is darker than the "UA." In direct 
sunlight, inspect the neon by looking through 
the drain holes at the bottom of the letters. 
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flickering "G" 
unit is defective. 

Test this by using a piece of GTO wire to "jump-out" the unit (making 
a direct connection between the inlet and outlet wires) as per Fig. 2. 

Once the defective tube is bypassed, the other letters -- "SIN"-- 
should light up brightly with no flicker. 

After turning off the power, remove the defective neon "G" unit and 
attach a jumper wire securely in its place using the tube supports. 
Because most servicemen are not tubesmiths equipped with portable 
neon plants, it's going to be at least a couple of days before the job is 
finished. You must ensure that the bare ends of the jumper wire are in 
firm contact with the inlet and outlet wires. This normally means 
twisting the wires together and insulating the splices or pushing the 
ends firmly down inside the electrode housings. The bad news is that 
this temporary jumper will cause the sign to read "SI NSHOP" when 
illuminated, but the good news is that the transformer is spared the 
strain of a constantly shorting neon circuit until you return. In some 
cases (see "Sign Shorts": Harry's Cocktails,"), the shop owner may 
choose to turn off the sign until complete repairs are made. 

Unfortunately, you'll sometimes find that, even when all the neon 
units are good or the bad unit(s) have been jumped, the sign still 
flickers dimly. You immediately think "transformer," but you'd better 
think again. A burned-out transformer frequently won't provide 
adequate current even for the tubing to flicker. Inspect the 
transformer for any obvious signs of damage. If tar is leaking 
profusely from the casing seams, the transformer is probably 
defective. 

Electrical Tests 

The first electrical test is to check for proper supply voltage (normally 
120V). Low voltage is the most common problem, and a 120V neon 
transformer requires a minimum of 108V across the primary input 

 

Fig. 2: To test a neon unit, "jump-
out" the unit with a piece of GTO 
between the wiring inlet and outlet. 
If the unit is defective, the other 
letters will light up brightly. 
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terminals. You should also check the mechanical grounding 
connection. This may consist of a green or bare wire (where plastic 
conduit or sheathed cable has been used), or a continuous line of 
metal conduit (EMT) from the T-box back to the electrical panel. Also 
check any mid-point grounding wires for proper attachment to the 
transformer posts. 

To test transformer output, shut off the power and disconnect both 
GTO leads from the transformer posts. The "short-circuit test" is 
performed with a portable milliammeter as shown in Fig. 3. With the 
power On, the reading should fall within a range of 27-33mA for 30mA 
transformers or 54-66mA for 60mA transformers. If the transformer 
does not test within this range, it is defective and must be replaced. 
Conversely, if the transformer does test properly, the problem must 
either be the GTO wiring or the transformer loading. Because they are 
actually composed of two 7500V transformers connected in series, 
15,000V transformers must be tested one side at a time (Fig. 4). 

  

 

Fig. 3: A short-circuit test is performed 
with the tubing load disconnected. 
Milliammeter leads are attached to the 
transformer's secondary terminals. 

 

Fig. 4: When testing a 15,000V 
transformer, check each side of the 
transformer individually because this is 

Page 5 of 9Neon signs,neon signs made and repaired

9/22/2010http://www.phillysigns.com/prod03.htm



The apparatus necessary to test GTO wire for concealed defects is 
hardly standard equipment for most signshops. Unlike lower voltage 
wiring for AC and DC circuits that can be field-tested using a pocket-
size multimeter, testing high-voltage wiring requires more elaborate 
and expensive equipment. When I spoke with Allanson's (Toronto, ON) 
Tony Efantes, he agreed that developing a more affordable, portable 
tester for GTO is a need that the industry should address. For the time 
being, however, visual inspection and "jump-testing" of GTO wiring 
are the only alternatives. 

It's easy to test the loops between individual neon units or channel 
letters, because you can jump-out the suspected wire(s) from the 
front of the sign. In most cases, however, you can't jump-out the two 
ground return wires running back to the transformer box unless you're 
prepared to drill holes through the wall and/or the channel letters for 
inserting your test wires. Unfortunately, most of the problems that 
develop in neon wiring occur in these ground return paths. 

To inspect this wiring, turn off the power and detach the conduit from 
the transformer box. Then, unscrew the metal housing jacket from the 
glass insert at the opposite end of the conduit. Slide the conduit and 
metal housing jacket back to expose the GTO. Faulty GTO wiring is 
easy to identify, typically having melted or charred insulation with the 
copper core exposed. If the wire needs to be replaced, remove the 
strain relief connector, reattach the metal jacket and connect a new 
wire to the end of the old GTO by twisting the stripped ends together 
in-line (Fig. 5). Cover this splice with electrical tape to prevent snags 
when pulling. 

Next, from the front of the sign, remove the neon tubing (with power 
Off). With your finger or a pair of needle-nose pliers, reach down into 
the electrode housing and grasp the spring connector to pull the GTO 
completely out of the conduit as the new wire is pulled through. After 
pulling the end of the new wire through the front of the electrode 
housing, disconnect the old GTO and attach a spring connector to the 
new wire. Push the wire back until the spring connector seats at the 
rear of the glass housing sleeve. Don't forget to reattach the other end 
of the conduit securely to the transformer box when you reconnect the 

actually two transformers in one. 

 

Fig. 5: To connect wiring for pulling 
through conduits and/or housings, use this 
method and cover the connection with 
electrical tape to prevent snags. 
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GTO to the transformer. 

Relief or pain? 

Although I appreciate the function of strain relief in electrical systems, 
these connectors can create more problems than they solve when 
used on high-voltage neon wiring with electrode housings. In addition 
to making the replacement of bad GTO wires difficult, the connectors 
can actually cause short circuits in some cases. This is because the 
connectors are made with an outer metal ring that is crimped with 
pliers for attachment to the GTO. If the installer crimps the connector 
too firmly, the metal crimp ring bites into the GTO's insulation. High-
voltage current arcs to this metal as soon as the sign is energized. 
Even when the crimp ring does not penetrate the GTO covering, 
dampness can cause the high-voltage current to arc to the metal. 

These kinds of concealed shorts can drive a serviceman crazy, 
because he must remove conduits or perform extensive testing to 
locate them. In some cases, signs must be completely rewired 
because several strain relief connectors are shorting-out the system. 

Another problem is that there seems to be considerable confusion 
regarding exactly where the strain relief should be located. The proper 
location is inside the housing's metal jacket, just behind the inner 
glass sleeve. Some installers, however, apparently believe they should 
be inside the glass sleeve. Considering these shortcomings, I question 
the value of strain relief on high-voltage neon wiring. I'm not an 
electrical engineer, but I think it's a mistake to assume that every 
priniciple applicable to lower voltage wiring should automatically be 
extended to neon wiring. At the very least, someone needs to develop 
a non-conductive method of strain relief. If you're lucky, the installer 
thought those "little silver discs" included with his sign hardware were 
just spare parts and left them at the shop. 

Transformer loading problems 

Loading refers to the size and length of tubing in a particular neon 
circuit operated by a given transformer. Both overloading and 
underloading a transformer can cause failure. Overloaded 
transformers provide inadequate current for the length of tubing 
operated. This frequently causes the GTO insulation to break down 
and the wiring to short-out. It can also burn out the transformer. 
Underloaded transformers create excessive heat throughout the 
system. Both the tubing and transformer will typically "run hot," 
leading to early failure. Because transformers are designed with an 
80% load factor (80% of the short circuit current rating), the optimum 
load currents are as follows: 

20mA transformers: 15.5-16.5mA 

30mA transformers: 23-25mA 

60mA transformers: 46-50mA 

To test actual transformer loading, turn off the power and connect a 
milliammeter in series with the neon circuit and the transformer (Fig. 
6). Turn on the power and observe the milliammeter reading. For a 
typical 30mA transformer, a low reading of 15mA indicates 
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overloading, while a high reading of 29mA indicates underloading. If 
the transformer is overloaded or underloaded, you have the options of 
either installing a different transformer or altering the tube-loading 
arrangement. It's a mistake to assume that the original installer 
necessarily observed proper loading requirements. Perhaps the 
original transformer has been replaced with the wrong size (ie, a 
15,000V transformer replaced by a 12,000V unit). In cases of chronic 
transformer failure, always consider transformer loading as a potential 
cause. However, unpainted T-boxes can also radically shorten 
transformer life. 

After you've completed testing and replaced any defective 
components, the sign should illuminate properly. Sometimes you may 
need to install bonding jumpers to curtail humming or buzzing caused 
by poor metal-to-metal contact throughout the system. 

This may also be caused by loose conduit connectors or metal housing 
jackets that can simply be tightened to correct the problem. When the 
ground return path (either of the two secondary leads from the 
transformer) is more than 6 ft., bonding jumpers are required 
regardless of other factors. 

Probably the best thing you can do for your customers is to let them 
know if they have a faulty or substandard installation. I've seen plenty 
of exposed GTO wires "snaking" through the spaces above storeroom 
ceilings. I've also seen "hot" GTO splices in crawl spaces and other 
notably combustible areas. If your client has a potential catastrophe 
lurking above his head, he'll probably thank you for letting him know. 
The words "fire hazard" always seem to command attention. It may 
cost the owner some money to have a poor installation redone, but it's 
a bargain 

       

Network Members 

 

Fig. 6: To test transformer loading, connect a 
milliammeter "in-line" with the neon circuit as shown 
here. 
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