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8 A fuse—heavy enough to withstand the current surge at turn-on as the filter capacitors charge up.
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VR1 is a V150LA varistor that conducts at voltages above 150 V, protecting the supply against input voltage surges.
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Note
The rectifier circuits look a little strange until you realize
that there are two full-wave, center-tapped circuits nested one
inside the other. The inner circuit supplies the high current
output power. It uses a DB3501 full-wave bridge rectifier
(www.diotec-usa.com/35dbm.pdf) with the diodes connected
in parallel to share the current load. The dashed line around
the diodes indicates that they’re all in a single package. My
model of the power supply in Figure 2 uses two separate diodes.
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The filter capacitor, C5, is a large 64,000 μF, 25 V electrolytic.
My supply has two 32,000 μF caps in parallel.
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Note
The outer circuit supplies power for the regulator circuitry at higher voltage and much lower current with 1N5393 rectifiers (CR1 and CR2) and C1, a 2200 μF, 35 V electrolytic.
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Note
The outer circuit supplies power for the regulator circuitry at higher voltage and much lower current with 1N5393 rectifiers (CR1 and CR2) and C1, a 2200 μF, 35 V electrolytic.
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Pass Transistors and Metering
Now follow the output of the high-current rectifier to the pass transistors. Here again, you encounter a dashed line as well as a cryptic notation, 4 PLCS, which means “four places” or “there are four of these.” If you look at an actual supply, you’ll see four 2N3771 transistor circuits all connected in parallel—that’s what the dots mean on the connections between Q101 and Q102.
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In order for the transistors to share current equally, 0.05 Ω, 5 W, wire-wound (WW) resistors are in series with the emitter of each transistor. If one transistor begins to hog all the current,
the voltage across this resistor increases and lowers its base to emitter voltage, reducing drive and also emitter current.
One resistor is used as a shunt, providing a voltage proportional to overall current so that a meter can display total
current without having to pass all of it through the meter movement.
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The current meter, labeled I, conducts a few mA at full scale, as calibrated by R103.
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A voltage meter is connected directly
across the output terminals.
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Regulator
Look at the LM723 data sheet and find the equivalent circuit on page 2. This shows how the regulator works without including every  transistor. Try to correlate the equivalent circuit with the linear regulator circuit of Experiment #8.
http://www.arrl.org/tis/info/HTML/Hands-On-Radio/
 In the LM723, the Zener diode is buffered by the voltage reference amplifier (output at pin 6) to improve the stability of the regulator’s reference voltage. A “Current Limit” transistor (pins 10 and 11) works by diverting some of the output drive
if the output current gets too high.
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The LM723 uses a 29 V supply at pin 12, protected by a 1N4002 and CR6, a P6KE39A transient absorber. These protect the regulator IC and clamp any voltage spikes at 39 V. R15 acts to limit the current when a spike occurs, but is small enough not to upset regulator function.
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The LM723 compares a fraction the output voltage of the supply (obtained through the voltage divider of R5, R6 and R7) at pin 4 to that of the voltage reference, which is connected to pin 5. If the output is too low the regulator supplies more output drive, and vice versa.
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Even with high-gain pass transistors, the LM723 can’t drive them hard enough to get full output, so Q2, an intermediate driver transistor, is needed—a TIP129. The LM723’s internal drive transistor with its collector connected to input power at pin 11 through R14, supplies base current to Q2 from pin 10.
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So, the LM723 drives Q2, which drives the 2N3771. Q2’s output current passes through R1 (18 Ω) and CR5 (1N4002) that limit base drive current to the 2N3771’s.
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The current limiting transistor inside the LM723 (base connected to pin 2 and emitter to pin 3) is off unless the voltage at pin 2 rises to 0.7 V above the output voltage at pin 3, turning on the internal transistor and diverting drive current from Q2.
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The values of R3 and R4 set VPIN2 to 0.9 × VQ2.
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Working toward the output from Q2, there is a 0.7 V drop across CR5, another 0.7 V drop from the 2N3771’s base to emitter, then 1/4 of the output current times 0.05 W. So VPIN2 equals 0.9 × (VOUT + 0.7 + 0.7 + 0.05 IOUT/4).
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If the supply is set to the usual output voltage of 13.8 V, the current limiting transistor will turn on when the output current reaches about twice the rated steady state output current, or 70 A. (This is probably high because I assumed a low value of 0.7 V across the power transistors.)  CR3 protects the current limit transistor from voltage spikes.
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There are a number of 0.1, 0.01 and 0.001 μF capacitors in the circuit—they filter out any RF that might upset regulator operation.
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Note
C4 and C101 filter any sags or spikes at the output due to sudden changes in load.
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Note
C4 and C101 filter any sags or spikes at the output due to sudden changes in load.
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Overvoltage Protection—The Crowbar
This leaves the odd circuit at the lower right, combining a Zener diode, a transistor and an SCR directly across the output of the supply. The function of this circuit is to protect external equipment against excessive voltage due to a supply failure. The remedy is a little extreme—the SCR is turned on, shorting out the supply (and hopefully blowing the input fuse)! It’s just like dropping a crowbar across the output terminals and hence the name.
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Q1 turns on whenever its emitter is 0.7 V above the base voltage, which is equal to VOUT × R10 / (R8 + R10) = 0.62 VOUT. Since Zener diode CR4 has a 5.6 V drop from VOUT, Q1 will turn on when VOUT – 5.6 V equals 0.62 VOUT + 0.7 V, or when VOUT equals 16.6 V. When Q1 turns on, C6 charges up through R12 and triggers the SCR, which dumps current to ground until the supply fuse blows or the filter caps are discharged. R9 keeps Q1 off until CR4 conducts and R11 keeps
the SCR off until Q1 turns on.
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Text taken from December 2005 QST, 
"Hands-on Radio, Experiment #35 
Power Supply Analysis"
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Pass Transistors
One way of making your power supply produce more amps or current, is to use pass transistors. They are called a pass transistor because they enable amps to pass while the voltage is kept constant. A real common transistor to use is a 2N3055. It is good for an intermittent current or amp draw of 10 amps. A heavier one to use is a 2N3771. This one is good for 15 amps intermittent. Both of these are NPN type transistors. These are placed in a parallel circuit, if more that 10 amps surge, is required.

Some of the transistors that I have used: 2N3055, 2N3772, 2N3771. There are too many NPN type transistors, that can be used, to list here. I like and favor the NPN. None of these transistors can handle a constant load that is towards the nature of a 100% duty cycle. Meaning, on all the time, 100% of the time at full load or rating.

One would need to build the pass transistor array, so as to have a very super cooling effect to have the set up handle a constant load nearer to 100%. Most power supplies, in all honesty, can only do a heavy load for about 5 minutes on and 5 minutes off. That being a 50% duty cycle. It is not a linear type situation, though. Way more cooling is needed to have 10 or more minutes on and then off.

Heat is the biggest enemy of our power supplies. Keep them cool, and they last a lot longer.

The collector of the pass transistor is connected to the rectified and filtered positive of the first stage, right out of the transformer secondary. The base of the pass transistor is connected to the output of the voltage regulator. The emitter is the positive output of the power supply. When using more than one pass transistor, there needs to be a small amount of resistance put on either the base or the emitter of each pass transistor that is in parallel. This is to make each of the pass transistors do an equal amount of work. I choose to put a .1 OHM at 10 watt on the emitters. They can be most any low value resistor. I have used resistors under 1 ohm. Just as long as they are all the same value. They do, however, need to be at least 10 watt. When there is maximum current being drawn, they get very hot very fast ! 




