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A Little Tiny Light On The Subject

For a lot of the early years, the only lamp we had for an aircraft panel indicator was the venerable incandescent – a light bulb in a small bottle.  Flow some current through the light bulb filament and we get brightness inside the bottle.  Unfortunately, the regular downsides of incandescent bulbs are still there – they burn out, they use a lot of current for a bright bulb, and they are vibrationally fragile.  Although we still use them for landing lights and navigation ("wingtip") lights, incandescent lights are used as little as possible on aircraft.  

In the mid '60s, some smart fellers found that a few oddball semiconductors (gallium arsenide, gallium aluminum arsenide, gallium aluminum arsenide phosphide…) would glow visibly when you passed current through them.  Mostly the first ones were red, as that was the color of the material that was the easiest to make.  After that, they've come out with red, orange, yellow, green, blue, and white colors with the last two (blue and white) still rather "exotic" in the inventory.

Advantage – LED

So why not just keep on going with incandescent, why bother messing with this LED stuff?  One reason and one reason only.  Reliability.  Incandescents are a light bulb, and light bulbs will eventually burn out or the glass will break.  LEDs have a theoretically infinite lifetime.  I've got a photo lab LED that's been burning in my lab continuously from 1972 and I haven't seen any deterioration in brightness or other visible deterioration in all that time.  I'm also using LEDs in the company 182 for ten years and there's been not a blink, not a whisper of failure in all that time.

LEDs have other advantages also.  They are a relatively low-voltage device, with the average voltage being somewhere around 2.0 volts.  They are encapsulated in epoxy, which means you can't break one by simply dropping it or inadvertently hitting it.  They operate from fairly low currents, 20 to 30 milliamperes or so, which is roughly half that of a comparable incandescent.  They cost a half to a third of what an incandescent costs.  Finally, while the first LEDs were fairly dim and required a low ambient light to see them, the ones on the market today are easily visible in the normal cockpit environment.

Ohm, ohm on the range

A LED is nothing more than a semiconductor diode.  A diode, you may remember, allows electrons to freely flow in one direction but will not permit this same electric current to flow in the opposite direction.  (It is the electronic version of a hydraulic check valve.)  At any rate, the only thing we have to do is to get the right amount of current to flow through the diode to make it light up.  The more current, the more light, right up to the point where the light's current capacity is exceeded and you have a very nice piece of melted gallium arsenide on your hands.

The problem then, is to flow just the right amount of current but not too much current through the light.  How much is too much?  Well, let's look at the very nice and cheap "Super-Bright" Mouser 351-32xx series that come in the tiny little 3 mm ("T1") case.  This has been my standard production light for about 5 years now.  It is small, rugged, bright, and best of all, about 30 cents apiece in onesies.  The data sheet for this device (in the Mouser catalog, available free of charge at www.mouser.com) shows that they recommend 20 mA forward current through this device and that the forward voltage at this current will be ABOUT 2 volts.  Enter Professor Simon Ohm.

Brother Ohm told us a very long time ago that the relationship of voltage to current was RESISTANCE.  Therefore, if we know the voltage, and we know the current we want, we simply divide the voltage by the current and go buy a resistor of that value.

For example, if I have a 14 volt aircraft system and I want 20 mA (0.02 ampere) of current to flow out of the battery and through that resistor, I simply put a 700 ohm resistor from the battery (+) terminal to the battery (-) terminal.  Not a big deal.

However, if I have that same 14 volt system, but I also put an LED that drops 2 volts in series with that resistor, now how big of a resistor do I need to make that same 20 mA of current flow?  Well, if I start out with 14 volts and then drop down 2 volts through the diode, the current-set resistor is only going to have 12 volts (14 volts – 2 volts) across it.  So now that resistor needs to be (12/0.02) 600 ohms.  Since I can't buy a 600 ohm resistor, I'll pick the nearest HIGHER standard value of 620 ohms, which I can get from Mouser or The Shack, your choice.

Some Trickery

We can play some tricks with these LED lights that we really can't play with incandescents.  The first trick we can play is to light more than one LED with the same switch and resistor.

Remember I said that LEDs were low voltage devices?  And that we needed to limit the current with a resistor?  Well, there is nothing to stop us from running two, three, or even four lights from the same switch and using the same resistor.  I give you the same caveat, though, that we use on the old Christmas tree bulbs – one goes out, they all go out.  The trick is to simply run all the bulbs in series and then choose an appropriate value resistor to do the current limit.  For example, let's run three bulbs in series from a 14 volt supply.  Lessee now, three bulbs at two volts apiece is about 6 volts, so the resistor we need is 8 volts (14 – 6) divided by 0.02 amps (20 mA), or a 400 ohm resistor (430 ohms standard value, although I'd probably cheat a little and use the next LOWEST value of 390 ohms).

When we use them as indicators, we can use them either as VOLTAGE sensing indicators or GROUND sensing indicators.  It matters little to an LED whether the hot lead or the ground lead is switched, they will perk along in either mode just fine.

One thing to watch out for in the ground-sensing mode is the old "turn the radio off" oopsie that we generally get bit with when we use an LED to indicate transmit status of an external radio.  Let me explain.  An LED can be connected to the PTT line of a radio to tell whether or not the PTT line has been placed in the transmit mode by grounding it.  When the line is grounded, the radio goes to transmit mode and the LED lights to tell the pilot that the transmitter is indeed keyed.  In the receive mode when the radio is on, the PTT circuitry inside the radio goes to somewhere around 10-12 volts and there is no ground to light the LED.  Unfortunately, when the radio is turned off, it is very possible that the PTT circuit inside the radio will go "dead" and provide enough of a ground to light the LED.  The pilot sees the LED and thinks the radio is transmitting while it is really just turned off.  The solution as shown in the schematic is the inclusion of a second garden variety silicon diode to keep the PTT switching circuit in the radio from turning on the LED when the radio is shut off.

Installing The Beast

Almost LED's do not come in a holder of any sort, just a bare lamp.  Not only that, but we've got to figure out how to connect that resistor to the LED leads so that the whole thing can be securely mounted to the instrument panel.  Unfortunately, this is not an easy task.

Both Mouser and The Shack sell LED lamp holders, and I am going to leave you to the mercy of your own inventiveness with one small hint at how I like to do it in my gear.

Mouser sells a neat little plastic lens called a "cliplite" (part number 593-1700 through 593-2500) that a small 3mm (T-1) LED just "clips" into.  The clip itself mounts in nothing more than a 4.35mm (0.171") dia hole, so that the whole shooting match can be done quite easily on 6mm (quarter-inch) centers.  You drill the panel, insert the cliplite, and then the LED snaps into the cliplite from the back.  The problem is that the cliplite is made of very thin plastic and it doesn't take much of a pull to jerk the LED out of the clip.  Of course, the remedy is to glue the LED into the cliplite once you get it in place if you don't mind destroying the whole assembly if for whatever reason it should fail.

The neat thing about the cliplite is that it comes in a tall round cylinder style, a short dome cap style, and a square style.  They also have a rear-mount retaining ring for this series that means you don't have to glue the LED into the cliplight, but you had better have good access to the rear of the panel to get the retaining ring onto the cliplite.

Me?  I cut both leads of the LED to about 6 mm (0.25") and then bend a hook into each lead.  I solder a black wire to the cathode. (see next paragraph), cut both leads of the current limit resistor to 6mm, bend each into a hook, and solder one lead of the resistor to the anode of the LED.  I then solder a wire of the appropriate color to the free end of the resistor (red wire for red LED, green wire for green LED, and so on).  I then shrink sleeving over each of these connections individually and then another piece of shrink over both of them.  This is about the most indestructible indicator that man has ever come up with.

Anode?  Cathode?

Don't worry about it.  In the diagram, the anode lead is the one going into the arrow.  The cathode is the one with the vertical bar.  On the diode itself, if you look at the little ridge running around the bottom of the LED case, one side will have a "flat" spot on it.  The wire going in to the case adjacent to this flat spot will be shorter than the other one.  In both cases, you have identified the CATHODE of the diode.  By process of elimination, the long LED wire by the rounded part of the ridge will be the ANODE.  If you hook them up backwards, nothing catastrophic will happen, and you will not harm the diode, but the thing won't light, either.

By The Numbers

So, to use an LED as an indicator, we follow the following steps:

1. Select the LED and note the forward voltage.

2. Subtract this voltage from the aircraft supply voltage.

3. Calculate the value of the current limiting resistor.

4. Select a case and mounting style.

5. Wire up the LED, resistor, and enough wire to reach your intended location

6. Connect the LED to your circuit to be monitored.

And Now The Goodies

Now that we have the basics of how to use LEDs on your instrument panel, let's take some time next month to make them two to three times as bright while consuming the same amount of power and see if we can figure out a simple and cheap way to dim them at night using less than $5 worth of parts.

Author's Note:  Jim Weir is the chief avioniker at RST Engineering.  He can be reached by email at jim@rst-engr.com  but prefers to answer questions in the newsgroup rec.aviation.homebuilt.

