TITLE:  Get The LED Out

ISSUE:  October '00

By Jim Weir

Humble Tinker, RST

Where We've Been

When we left our humble LED lamp last month, we found that we could light the rascal with a forward diode current of 25 mA or so, which would cause a diode drop of about 2 volts for most popular LEDs.  We found that we could have almost any color of the rainbow including blue and white if we were willing to spend that kind of money for a blue or white light bulb.  Finally, we found that we could run a few lamps in series to get better efficiency out of the battery supply.

How To Cheat And Make It Look Good

Ayn Rand made TINSTAAFL a household word.  "There Is No Such Thing As A Free Lunch."  Ayn didn't have electronics to mess around with, obviously.  We can have a free lunch with the addition of a few more components.  The free lunch is based on the "flashbulb" phenomenon of the human eye.  That is, looking at a bright flash of light for a tiny fraction of a second will seem to be bright for a fairly long period of time to the eye, even if the light is switched immediately off after the flash.  The camera flash takes place in a few milliseconds.  You are blinded with the flash for a couple of seconds.  In engineering terms, the eye is a "peak reading device".  It records a peak and slowly returns to ambient.

The LED is power limited.  It gets hot and melts if you run too much average current through it.  Average is the key word here.  If the LED is limited to 25 mA of average current, then if the current is on all the time, you can only run 25 continuous mA through it.  But suppose you use a square wave (50% on, 50% off, or in engineering terms a 50% duty cycle) to supply current to the LED?  According to the stuff I just said, you could run 50 mA of current through the bulb when it is turned on so long as you ran zero when it was turned off.  If you had a voltage with a 25% duty cycle, you could run 100 mA and so on.

Guess what?  LED brightness is controlled by current.  While I'm not going to get into the principles of photometry here, suffice it to say that an LED with 100 mA of pulsed current is going to be significantly brighter than one with 25 mA of constant current.  It depends on the color of the bulb, but an increase of 25-50% of the apparent brightness isn't at all unreasonable to expect – and that's enough to make the difference when sunlight is shining directly on the instrument panel.

Now the magic.  If the pulses come along more than about 24 per second (the "persistence" of the human eye) the eye is going to see the light as constant brightness.  Since the eye is a peak reading device, it will see that brightness as the peak brightness of the bulb.  Understand where I'm going?  I'm going to turn that bulb on and off with high pulsed current fast enough that your eye thinks it is on constantly, and constantly bright at that.  Cost?  A single quad-opamp (two bits), a single or double driver transistor (a nickel per) and two half-cent resistors.  Throw in a dollar for a potentiometer that will control that brightness (a lamp dimmer) and the whole magilla comes along for less than a Jefferson dollar bill for the system and a nickel to a dime a bulb for the drivers.

Begin The Design

Most manufacturers specify not only an average current, but a peak pulse current for their bulbs also.  In the case of the standard Mouser 351-3231 (red), 3241 (green), and 3251 (yellow), these maximum currents are 200, 120, and 80 mA respectively with an average forward current limitation of 40, 30, and 20 mA respectively.  This is a duty cycle of 20%, 25%, and 25% respectively, so if we design our oscillator for a maximum 25% duty cycle, and if we limit the red max current to 160 mA, then we can use the same oscillator for all three colors.  (For those of you wanting to run other colors or other bulbs, you shouldn't have any trouble finding the peak current and average current specifications.)

The ubiquitous LM324 quad opamp that everybody from The Shack onward sells will do us just fine.  As a matter of fact, if we want to get fancy, we can use one section of the amplifier as our oscillator, and then each of the other sections driven in turn for the red, yellow, and green sections respectively.  Or if you have all red bulbs, my calculation shows that you can light up to 100 bulbs per section, 300 bulbs maximum, with this technique.  You want more bulbs?  Simply tack on another quad opamp driven by the oscillator and you can run virtually as many bulbs as you can fit inside the cabin of anything smaller than a C-5A.  Or even a TU-144.

Some Refinements And Calculations

So now we get to pick our frequency.  Yes, I know that a 25% duty cycle can be achieved by an hour on and three hours off, but that's cheating the wrong way.  The time has to be small compared to the thermal time constant of the chip itself.  I'll handwave and tell you that it has to be faster than about 100 pulses per second (100 Hertz, or Hz.) for this technique to work.  Well, I certainly want to stay away from 90 Hz. and 150 Hz. (the localizer and glide slope meter-driver frequencies) so I think I'll split the difference and go for an oscillator frequency of 120 Hz..  I could go much higher, but once I start getting into the region around 200 Hz. to 10,000 Hz. you start to be able to hear this "whine" in your aircraft audio system.  If I get much above that, I start generating digital trash that your Loran or ADF will be able to hear, and I certainly don't want your Loran homing in on your lighting system.  120 Hz. is a nice frequency, low enough that you might be able to hear a little hum, but most probably not.  High enough to be above the thermal time constant of the chip and well above the flicker frequency of your eye.  Well away from anything that might be affected by this frequency on your instrument panel.  As a matter of fact, if there was stuff on your instrument panel that would be affected by 120 Hz., it would go nuts any time you got within shouting distance of the 60 Hz. power line's everpresent second harmonic.

I chose a 100K ohm potentiometer for the control pot.  While it is true that the eye is a peak reading device, there comes a limit to what the eye sees as a simple trick and will perceive a very short pulse as being dimmer than a wide pulse.  The point being, the control pot is a lamp dimmer for all the bulbs in the system.

How big to make the resistors?  I'll assume worst case battery voltage as 14.5 volts and the LED to have a 2 volt drop.  If your chosen LEDs have a different forward voltage drop, plug that value in to the equation.  At any rate, Brother Ohm tells us that to have a (14.5 – 2) 12.5 volt drop at 160 mA (red LED) we should use a 78 ohm resistor at half a watt (at a 25% duty cycle).  Now that half-watt resistor is going to get sort of toasty, so my particular recommendation is for a couple of 180 ohm quarter watt resistors in parallel.  No, the bulb won't get QUITE as bright, but you are designing in a safety factor as well as a derating factor by running less than absolute maximum current.

The same calculation for green LEDs at 120 mA shows two parallel 220 ohm quarter watters will work, and similarly for yellow LEDs at 80 mA the two parallel resistors come out 330 ohms each.

Putting It All Together

As we said last time, we really have two ways of lighting that bulb.  One is to connect the bulb to a continuous supply and switch the ground, or connect the bulb to ground and switch the supply voltage.  Our little dimmer will do either or both at the same time.  Not a problem.  A couple of nickel transistors and there you have it.

Gee, this lamp dimming stuff is so much fun that maybe we ought to do a couple of months worth of lamp dimmers for the incandescent variety of bulb that most of us have in the airplane.  Perhaps one "analog" design that dissipates the unused power as heat, and one digital design that wastes practically zero power.  There are good engineering reasons for choosing either design and we'll talk about that for a bit.

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.

