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Using Double-Layer Capacitors; Computer Power Interface,
Underground Radio Technology

By Don Lancaster

How Big is a one-Farad capacitor?
Would you believe less than a cubic inch?
Conventional wisdom and poorly done
cartoons notwithstanding, a new capaci-
tor technology is now available that
crams incredible capacitance values into
very small volumes. As Fig. 1 shows,
these are called double-layer capacitors.
They are both reasonably priced and
available from distributor stock. For in-
stance, a 1.0-Farad, 5-volt NEC #
FZOH105Z is available from Mouser
Electronics for $4.59 each (part
551-1.0Z05).

Being a brand new and ‘‘hacker friend-
ly’’ part, there’s lots of exciting new pos-
sibilities here. But there are also some de-
finite use limits and restrictions.

One major use for double-layer capa-
citors is as power backup for CMOS
memory chips. The capacitor can fake
memory nonvolatility during a short
power outage. Unlike most batteries,
these devices can be cycled indefinitely,
have at least a 10-year life, can easily be
soldered in place, are not polarized, usu-
ally cannot leak or explode, and readily
indicate their charge.

Back to the basics. A traditional capa-
citor consists of two conductors separat-
ed by an insulator. When a current is
routed through a capacitor, a charge will
build up and will be stored. The amount
of the charge depends on the current and
how long the current is applied.

The charge also depends on the surface
area of the conductors, the spacing be-
tween conductors, and a property of the
insulator material known as the dielectric
constant.

Capacitors have many electronic uses,
ranging from storing dc in power sup-
plies; coupling/bypassing ac signals; re-
sonating coils for frequency selection;
and for integrating precision waveforms.

The storage size of a capacitor is mea-
sured in Farads. A 1-Farad charge will
supply a current of 1 ampere for 1 sec-
ond. Most capacitors have traditionally
been much smaller than this, and are
measured in microfarads (uF) or picofar-
ads (pF) instead of Farads.
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Fig. 1. A 1.0-Farad capacitor!

For instance, if you hold two finger-
nails one fingernail apart, you will have
created the equivalent of a 1-pF capaci-
tor. Among other difficulties, there are
not nearly enough people in the world to
build a 1-F capacitor by this method.

Some ways to get more capacitance are
to increase the plate area, to decrease the
spacing between the plates, and to raise
the dielectric constant. All of these tech-
niques have been used in combination to
create the various capacitor families
available today.

For example, ceramic capacitors use
special insulators with a dielectric con-
stant of 8000 or more. Electrolytic capa-
citors build up an extremely thin insulat-
ing oxide film. They also increase the
conductor surface area by etching.
Sometimes a double etch is used where
big pits are first added to the original sur-
face, and when this is done, small pits are
added to the big pits.

But the double-layer capacitor goes far
beyond what traditional capacitors are
ableto do. It uses a fundamentally differ-
ent principle, first discovered by Helm-
holtz over a century ago. It turns out that
if you have a boundary between a solid
and a liquid, a double layer of charge
builds up at the surface between the two.
To build a useful double-layer capacitor,
you use a solid plate, a liquid electrolyte
and a second solid plate. To prevent the
two solid plates from touching, you place

a porous, insulating separator between
the two. The separator allows ions in the
electrolyte to move back and forth as
charge is accumulated, but prevents any
direct short-circuit between plates.

The solid plates used for today’s dou-
ble-layer capacitors are made from acti-
vated charcoal which has an incredible
surface area, since it is made up of count-
less tiny particles. A gram of activiated
charcoal may have asurface area equal to
one-quarter of a football field! And
therein lies the secret to extreme capaci-
tance values in a very small package.

In exchange for the extreme capacity in
a very small space, there are some defin-
ite tradeoffs. The breakdown voltage of
the electrolyte used in today’s double-
layer capacitorsis only 1.2 volts. To get a
useful + 5-volt dc working voltage, six
capacitors are placed in series inside the
package.

Instead of directly building a 1-F capa-
citor, there are really 36 farads of capaci-
tance in the package, since six series con-
nected capacitors each yield a 1-F series
equivalent capacitance.

So, you must be careful to never ex-
ceed the recommended working voltage
of a double-layer capacitor.

In addition, these are not precision
components, since activated charcoal it-
self is not a very precise material. Toler-
ances are in the —20% to + 80% range.
Also, charge is inherently an ‘“‘undense’’
way of storing energy, compared to
chemical conversions. Large single-layer
capacitors are simply not in the same en-
ergy storage league as batteries, and I
don’t thing you will ever see the day when
you start a lawnmower with a double-lay-
er capacitor.

So, while double-layer capacitors are
incredibly better than regular capacitors
for storing bunches of charge in a small
volume, they are not nearly as good as a
battery when mucho dense energy stor-
age is required.

Finally, charcoal is not a very good
conductor, and conductive elastomers
are also used in the construction that are
only moderately conductive. Thus, a
double-layer capacitor is not a low-im-
pedance device and can nor be rapidly
charged or discharged.
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One interesting side effect here is that
the inherently limited charge and dis-
charge rates of a double-layer capacitor
give automatic short-circuit protection.
Some batteries, especially Ni-Cds, in-
stead tend to get downright violent when
you short them.

Several manufacturing options are
available that trade off maximum possi-
ble charge and discharge currents against
cost and size. The smallest and cheapest
versions are intended for long-time, low-
current memory backup uses.

Let me know what interesting uses you
can come up with for this exciting, yet
imperfect, new hacker component.

OK. How did you do it?
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WARNING: Extreme shock hazard on

right half of this circuit!

If there’s one thing I can’t resist, it’s a
good hack, especially if it lies well be-
yond the far side of ‘‘disgustingly ele-
gant.”” Check the capacitor lettering in
Fig. 1. Note that we not only have isome-
tric lettering, but the lettering is also cor-
rectly wrapped around a cylinder! This
was quickly and easily ‘‘drawn’’ with the
stock and standard Apple Writer word
processor, as were a/l parts of all figures
in this column. Oh, yes, I did add a short
little custom text routing of my own that
I’ll be happy to share with you. The same
routine also lets you set text in a helix or
an inwardly closing spirial.
Write or call for you free copy.

How can I Control AC Power
With a Personal Computer?

There are two problems involved in con-
trolling high-power ac loads with a per-
sonal computer or microprocessor paral-
lel port. The first is that the weak port
signals must somehow be amplified to
make them ‘‘strong enough’’ to control a
high power load. The second hassle is
that there is a very deadly shock hazard
involved with ac power control, which
means that some sort of safety isolation
is an absolute must.

While you could use a relay driver IC
and a relay, the usual way to handle
110-volt ac high-power interface today is
to connect a phototriac optoisolator to a
triac power control device. Figure 2
shows details.

Fig. 2. A 110-volt ac power control interface for a personal computer.

The triac optoisolator consists of a
light-emitting diode that drives a photo-
sensitive ac power control device called a
phototriac. When the LED lights, the
phototriac turns and activates the main
high-power triac to switch the load.

Because only a light beam connects the
input to the output, you get total safety
isolation. The ‘‘amplification’’ you need
comes from both the internal phototriac
and the main power triac.

There are some important details you
have to be aware of when you use this cir-
cuit. First and foremost, note that there
is a deadly shock hazard anywhere to the
right of the triac optoisolator; so use ex-
treme caution when working on any cir-
cuit of this type.

The power triac will switch on or off
most any ac load, such as lamps, motors,
heaters, or whatever. A minimum load
must always be provided for proper oper-
ation, say 7 watts or so. The maximum

load depends on the triac and the size of

the heat sink you use.

One classic handbook for triac power
control is the SCR Manual from General
Electric. My issue is sort of dated, so it
may have a new name and a new price by
now. Cost should be around $5.

You also must use a phototriac optois-
olator, rated at least 200 volts for
110-volt ac operation, or 400 volts for
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220-volt ac operation. Note that the
other types of optocouplers will instantly
self-destruct if you try to use them for ac
power control. The Mororola MOC 3010
is often a good choice and costs slightly
over a dollar.

I have also shown the inputs to this cir-
cuit connected ‘‘backwards’’ from some
other circuits youmay have seen. There is
a very important reason for this. Most
parallel ports on microprocessor systems
are much better at sinking current to
ground than they are at sourcing current
from a positive voltage.

With this circuit, the output port either
sinks current to ground, activiating the
phototriac optoisolator and powering
the load, or doing nothing and not deliv-
ering power to the load. Connected
‘‘backwards,’’ the optoisolator is much
better matched to the parallel computer
port and will work much more reliably.

One little gotcha with this ‘‘back-
wards’’ connection: Your port will now
be active low, so a zero at the port will ac-
tivate the load. Your software must, of
course, recognize this fact, and write
zeros to the port locations when you want
to power the load.

Note that a machine-language com-
mand of EOR #$FF will automatically
convert all of the ones in a word to zeros
and vice versa. From BASIC, an XX =
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(255 — XX) will also convert all ones in a
word to zeros or vice versa. Details vary
with the application, of course.

Typical cost of one channel of power
control should be under $3, unless you
are using a very large triac.

More info on microcomputer power
interface appears in my Micro Cook-
book, Volume 11 (SAMS #21829).

Is There an Easier Way?

Well, if you want to pay a little more, you
can cut the parts count to one. Figure 3
shows how to use a Crydom D2W202F
solid-state relay by International Recti-
fier and do all of your power control with
a single part. Newark Electronics sells
them for $7.95 in singles as stock
#81F4904.

The circuit is still the same as before,
since the resistors, triac and optocoupler
areall inside the package. Also as before,
the + input goes to the microcomputer’s
+ 5-volt supply line, and the — pin goes
to the port output. A zero turns on the
load, a one turns it off.

The device is good for 2 amperes and
might be pushed a little further with some
sort of clip-on heat sink. Around 220
watts of light bulbs, or possibly a quar-
ter-horsepower motor can be controlled.
Note that a severe shock hazard exists on
the power side of this circuit.

What About Proportional
Control?

If you have a proportional control inter-
face, you not only can turn on/off mo-
tors, heaters, and lamps, but you can
control their brightness, temperature, or
speed as well.

It turns out that the Fig. 2 and 3 cir-
cuits can also be used for proportional
control, but the software gets more com-
plicated. And you have to be aware of ex-
actly what you are up to.

First, the load you use must respond to
voltage in a proportional manner. Incan-
descent lamps will, but fluorescent lamps
will not. Most heaters or soldering irons
will respond proportionally and present
no problems.

Universal type motors (those with
brushes) will alter speed with changing
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Fig. 3. A simpler but more costly power interface option.

voltage, but the more common ac induc-
tion motor can destroy itself if you try
voltage control. Even when you control
the speed of a universal motor by varying
its voltage, you may get very limited
torque. There are fancier techniques
involving feedback that can be used to
get around this problem.

So, your initial experiments at propor-
tional power control are best done with
incandescent lamps, heaters, etc.

The trick to proportional power con-
trol is to deliver a turn-on pulse that is
precisely delayed from each ac-line half
cycle. Figure 4 shows details.

If turn-on occurs very early in each ac
half-cycle, nearly all the power will ap-
pear across the load. If turn-on takes
place in mid-cycle, around half of the
power gets to the load. Shoud the turn-on
occur very late in the cycle, only a small
amount of power gets to the load. Final-
ly, with no turn-on pulse at all, the load
gets no power and stays off.

Your computer must somehow sense
the beginning of each half line cycle. This
can be done with a line-derived interrupt
signal or by routing something similar to
an input port. The software inside the
computer or microcontroller then will

D = Proportional power
applied to load

LOAD:

_>/ v

PORT: J et s

s Ho f

Fig. 4. Proportional power control requires precise timing.
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. NAMES AND NUMBERS

Motorola Semicenductor

General Electric
Electronics Park Bldg. 7
Syracuse, NY 13221
(800) 626-2001

Box 20912

International Rectifier
1521 E. Grand Avenue
El Segundo, CA 90245

Box 9003

Phoenix, AZ 85036
(602) 244-6900

Mouser Electronics

Lakeside, CA 92040

Newark Electronics
228 East Lake Street
Chicago, IL 60640
(312) 941-7200

Howard W. SAMS
4300 West 62 Street
Indianapolis, IN 46206

(213) 322-4987 (619) 449-2222 (800) 428-SAMS
Natl. Speleological Society NEC Electronics Speleonics
Cave Avenue 401 Ellis Street Box 5283

Huntsville, AL 35810
(205) 852-1300

Mountain View, CA 94043
(415) 960-6000

Bloomington, IN 47402
(812) 335-7305

automatically convert a speed, bright-
ness, or temperature value to the proper
turn-on delay.

The timing is such that machine-lan-
guage code must be used, particularly if
you are controlling more than a few loads
with the same computer. The precision
and linearity of your outputs can be
greatly improved by using some sort of
feedback. This, of course, ups your sys-
tem complexity.

You should be able to use a computer
the size of an Apple Ile to control some-
thing like 32 theater lights to 32 bright-
ness levels. This would make a very inter-
esting programming project.

A totally different way to handle pro-
portional control is with those BSR pow-
er modules sold by Radio Shack and
others. These are fairly easy to interface
to most computers, besides offering re-
mote-control options.

Is There any more Informa-
tion on Underground Radio
Technology?

I’ve found another most interesting pub-
lication on underground technology.
This beauty covers such things as under-
ground radio communications and posi-
tion measurement, ultrasonic and laser
rangefinding, self-climbing ladders and

It’s called Speleonics and is published
quarterly (four times a year).

Included in each issue are a dozen how-
to articles and a subscriber list of others
interested in similar underground tools,
concepts, and techniques. Price is — bet-
ter sit down for this one — a dollar per is-
sue or $4 per year!

Should you want information on cav-
ing and speleology in general, you canin-
stead contact the National Speleological
Society and they can put you in touch
with individual local cavers and an NSS
grotto or two in your area. ME
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BE AN INSTALLATION
AND REPAIR SPECIALIST

TRAIN AT HOME IN SPARE TIME... NO PREVI-
OUS EXPERIENCE NEEDED. Skilled telecom-
munication installers and repairers work on
all kinds of telephone, telegraph, radio, TV
and satellite systems. And in the near future
many more will be needed to maintain sys-
tems responsible for electronic mail, com-
puter tie-ins and remote utility reading.

ToP PAY...INTERESTING WORK. Experienced
‘telecom” installers and repairers make
good money. and since most belong to a
union, they enjoy great benefits as well

HOME-STUDV COURSE SHOWS YOU WHAT TO
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basics of installation and repair at home in
spare time. Hands-on {essons cover every-
thing from installing systems and routing
messages to troubleshooting and repairs.
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