THE DRAWING BOARD

Making fixed-output regulators adjustable
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WE ENDED OUR DISCUSSION OF VOLTAGE
regulators last month looking for the an-
swer to an intriguing problem. We were
trying to figure out why diode DI (see
Fig. 1) does not conduct even though it
seems that current is flowing in the right
direction. I’'m sure that most of you
figured out why DI doesn’t shunt any
current when the regulator is operating
normally, but let me give you the answer
anyway. In normal operation, D1 doesn’t
conduct because it can’t conduct.
Remember that the regulator’s input volt-
age is always greater than its output volt-
age. Regulation is like anything else in
life—you don’t get something for noth-
ing. With the 78xx series of regulators the
input has to be at least 2 volts higher than
the output—if you want everything to
work the way it’s supposed to. Therefore,
the potential at D1’s cathode will be at
least 2 volts higher than at its anode.
Since that reverse-biases the diode, there
won’t be any current flow.

When things do blow up, D1 has to be
hefty enough to handle the discharge cur-
rent from C4, and it has to start working
quickly enough to get rid of the current
before the regulator is damaged. That’s
why our choice for D1 has to be a fast-
acting silicon diode that is capable of han-
dling the surge current without being de-
stroyed. Depending on the parameters of
the circuit, any member of the 1N400x
family of diodes is a good choice.

Our regulator circuit so far is fine—if
all you need is a fixed standard-voltage
and not much in the way of current. But
suppose some circuit that you’re building
requires an oddball voltage, and you’re
sure that the current requirements are go-
ing to be rather large. Obviously we have
to take our regulator a bit farther.

Raising the output voltage

There are two ways that we can raise
the output voltage—Ilet’s call them the
easy way and the hard way. Figure 1
shows the easy way. Resistors R1 and R2
form a voltage divider across the reg-
ulated output-voltage. As we move the
wiper of R2 toward ground, we change
the ground reference of the regulator and
trick it into putting out a higher regulated-
voltage. I won’t bother you with all the
grisly details of the math, but the formula
i: Vg, = 5 + (5/(R-1) + I,)R2 where
Ly, is the standby current used by the reg-
ulator. (For a 7805 with no load at its

output, I, is usually about 8 mA.)
Obviously that figure will change as the
circuit is put under load. The formula
shows us exactly what we’re doing—
we’re adding the voltage generated across
the voltage divider to the normal output of
the regulator. That approach to an adjust-
able regulator is okay for small currents,
butit leaves a lot to be desired when we’re
looking for substantial amounts of current
and real flexibility. As you can see from
the formula, the lowest voltage we can get
with that arrangement is the basic voltage
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of the regulator. Not only that, but we’re
seriously interfering with the stability of
the output voltage.

The reason for the instability is that the
regulator can only handle a fixed amount
of power. Now, since we all know that
power is the product of the voltage and the
current, the more voltage we get, the less
current we can safely draw from the reg-
ulator. As the voltage at the IC’s internal
pass transistor increases, the internal pro-
tection of the IC automatically reduces
the short-circuit trip-point. Not only that,
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but if you use that circuit and the current
drawn from it comes close to the trip
point, R1 and R2 will start to get warm
and change value. And, changing those
values will also change the output volt-
age. Fortunately the IC is protected and
thermal runaway isn’t possible, as it is
with transistors. Even so, it’s annoying,
to say the least, to have your power sup-
ply drop out every time you put a mod-
erate demand on it.

A better, but slightly more com-
plicated, way to make an adjustable sup-
ply from a fixed regulator is shownin Fig.
2. I've left out the capacitors to make the
drawing clearer and cleaner. If you com-
pare this circuit with the one shown in
Fig. 1, you’ll see that an op-amp has
replaced the potentiometer. Since some
of the newer op-amps have input im-
pedances as high as a trillion ohms, it’s
pretty safe to say that the output of the
regulator won’t be loaded down as it was
in the first circuit. The op-amp is set up as
a voltage follower, which means that it’s
nothing more than a buffer-—a non-
inverting amplifier that’s used to isolate
one part of a circuit from another.

As we move the wiper of R2 away from
ground, an increasingly greater voltage is
present at the ground terminal of the reg-
ulator. That raises its ground reference
and tricks it into putting out a higher volt-
age. The drawback is that the minimum

Vital protection
for PC Boards

l & |

Be safe. Desolder PC components
with Endeco irons. Get proper HEAT
TO MELT and strong VACUUM
ACTION TO LIFT solder and coo/
both PC board and component
without damage.

These PC components replaced fast
with Endeco desoldering or solder-
ing tools.

Tee®isle

Endeco professionat features include
safety light that denotes high, low
and off on switch models, SS con-
struction for long life, light weight
and balance for easy use.

Contact your distributor for Endeco
desoldering and soldering irons, kits
and equipment—or write us today.

Enterprise Development Corp.
5127 East 65th Street
Indianapolis, IN 46220
Phone: (317) 251-1231

CIRCLE 31 ON FREE INFORMATION CARD

output voltage is still going to be the stan-
dard output of the regulator, in this case
five volts, plus the voltage drop across
R1, which is about two volts. On the other
hand, we can get the regulator to put out
as much as 20 volts without worrying
about limiting the current-handling
capability of the IC, or degrading the volt-
age regulation when the numbers start to
get large. This adjustment range of 15
volts or so is just about the most you can
hope to safely get out of a fixed regulator
like those in the 78xx series. You can
move the entire output range slightly by
changing the value of R1, but trying to
extend the range too far will cause you to
run the risk of doing severe damage to the
IC. After all, remember that it was de-
signed to be a fixed regulator.

Lower output voltages

There is a way to change the range of
the (fixed) adjustable regulator so that we
can drop its output voltage much closer to
ground. The way to do that is to allow the
op-amp to swing its output below ground.
Figure 3 shows how that can be done. By
using a center-tapped transformer we can
reference the ground terminal of the reg-
ulator and the — V input of the op-amp to
a level below system ground. Then, the
regulator will reference its output voltage
to a point below ground. We have to be
careful when we set that sort of thing up
however, because the regulator’s internal
pass transistor was designed to source
current, not to sink it. If the output level
of the regulator gets below ground we’re
going to have the same problem we had
last month and the same thing will
result—one french-fried regulator.

Another alternative is to build a small
circuit that generates a true negative sup-
ply from the positive system-voltage. We
don’t need a lot of current since the op-
amp draws next to nothing and the regula-
tor is only using the negative voltage as a
reference point.

You can always use a different regula-
tor, such as the LM317, which was de-
signed to go as low as 1.25 volts and up to
more than 35 volts. Your regulator-
circuit design will be easier, but you
won’t learn anything. Besides, there’s a
certain amount of perverse pleasure that
comes from making an IC do something it
wasn’t expected to do in the first place.

One other thing you should remember
is that there’s always at least a two-volt
drop across the regulator. If you’re plan-
ning on designing a power supply that can
put out 20 volts, make sure that you have
at least 22 volts available at the input to
the regulator. The same goes for the
amount of current you can draw—you
can’t get out of the regulator what the
transformer and rectifier can’t put in.

When we continue next month we’ll
increase the current-handling capability
of our circuit and add additional circuitry
to make it short-circuit proof. R-E





