
The Digital LC Meter described in this article is based on a 1998 design by
Neil Hecht of "Almost All Digital Electronics", in Auburn, Washington USA
(see his website at www.aade.com).

Mr Hecht's design used a PlC16C622 microcontroller, togetherwith an LM311
comparator in the measuring oscillator. His firmware also made use of float-
ing-point maths routines for PIC processors. These was written by Frank J.

Testa and made available on the website of PIC manufacturer Microchip
Technology (www.m icroch i p.com).

Since then, various people have produced modified versions of the design,
including Australian radio amateur Phil Rice, VKSBHR of Bendigo, Victoria.
Mr Rice and others have also modified the firmware and adapted it to use the
PlC16F628 micro with its internal comparator.They also added the firmware
calibration facility. Further information on Mr Rice's version can be found on
the website of the Midland Amateur Radio Club (www.marc.org.au).

ln summary a great deal of the credit for this latest version of the design must
go to those earlier designers. The author acknowledges their work.

oscillator frequency when capacitor
C2 is switched in parallel with C1.

Because the two capacitors are
nominally the same value, F2 should
be very close to 77V" of F1, That's
because doubling the capacitance re-
duces the frequency by a factor egual
to the square root of two (ie, 71"12 =
O.7O7).If your reading for F2 is well
away from 71.1o of F1, you may need
to replace C2 with another capacitor
whose value is closer to C1,

On the other hand, if F2 is exactly
the same as F1, this suggests that RLY1
is not actually switching C2 in at aII.
This could be due to a poor solder
joint on one of RLY1's pins oryoumay
have wired it into the boardthe wrong
way around.

Once you do get sensible readings
for F1 a¡rd FZ, your Digital LC Meter
will be ready for calibration and/or
use. If you don't have a capacitor of
known value to perform your own ac-

curate calibration, you'll have to rely
on the meter's own self-calibration
(which relies largely on the accuracy of
capacitor C2). In this case, just remove
any jumpers from LK1-LK4 arrd fityour
meter assembly into its box, using the
self-tapping screws provided to hold
everything together.

The battery sits in the bottom of
the case. It is secured by wrapping it
in foam, so that it is firmly wedged
in place when the lid assembly is
fltted.

Fine-tuning the calibration
If you do have a capacitor of known

value þecause you've been able to
measure it with a high-accuracy LCR
meter), you can easily use it to fine-
tune the Digital LC Meter's calibra-
tion.

First, switch the unit on and let it
go through its "Calibrating" and "C =
NN.N pF" sequence. That done, wait
a minute or two and press the Zero
button, ensuring that the LCD then
shows the correctly zeroed message

- ie, "C = 0.0 pF".
Next, connect your known-value

capacitor to the test terminals and
note the reading. It should be fairly
close to the capacitor's value but may
be somewhat high or low.

If the reading is too low, install LK4
on theback of the board and watch the
LCD display. Every 200ms or so, the
reading will increment as the PIC mi-
crocontroller adjusts the meter's scal-
ing factor in response to the jumper. As
soon as the reading reaches the correct

figure, quickly remove the jumper to
end the calibration adjustment.

Conversely, if the meter's reading for
the known capacitor is too high, fol-
low the same procedure but with the
jumper in the LK3 position. This will
cause the micro to decrement the me-
ter's scaling factor each time it makes
a measurement and as before, the idea
is to remove LK3 as soon as the reading
reaches the correct figure.

If you are not fast enough in remov-
ing the jumper during either of these
calibration procedures, the microcon-
troller will "overshoot". In that case,
you simply need to use the opposite
procedure to bring the reading back
to the correct figure. In fact, you may
need to adjust the cal.ibration back and
forth a few times until you satisfied
that it is correct,

As previously mentioned, the PIC
microcontroller saves its scaling factor
in its EEPROM after every measure-
ment during these calibration proce-
dures. That means that you only have
to do the calibration once. Note also
when yeu calibrate the meter in this
way using a known value capacitor,
it's also automatically calibrated for
inductance measurements,

Using it
The Digital LC Meter is easy to use.

Initialiy, you just switch it on, set 51
to "Capacitance" (NOT "Inductance"),
wait a minute or two for it to stabilise
a¡rd then zero it using pushbutton 52.
It's then just a matter of connecting
the unknown component to the test
terminals, selecting "Capacitance" or
"Inducta¡ce" using S1 and reading the
component's value off the LCD,

Alternatively, you can zero the
Digital LC Meter on the "Inductance"
range by fitting the shorting bar shown
in Fig.7 (since this bar has virtually
zero inductance). This shorting bar is
initially connected between the test
terminals and switch 52 then pressed
to zero the reading. That done, the
shorting bar is removed and the un-
known inductor connected to the test
terminals.

Note that if you don't have 51
(Capacitance/Inductance) in the cor-
rect position, the micro will usually
give an "Ovet Range" error message
on the LCD, This will also occur if
the component's value is outside the
meter's measuring range - ie, above
about B00nF for capacitors or 70mH
for inductors.
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Who mangled Duck's USB ports?

Nothing comes even close to computers when
ranking gear that's stuffed by consumers. As
a result, I usually try to avoid fixing them
but niece Duck's computer was different.

I have a niece who, at the tender age

of three, was nicknamed "Duck". WelI,
Duck stuck and now at the even more
tender age of 16, she's still lumbered
with that stupid name,

Recently, Duck's computer failed
and who better to fix it than this little
black duck? The complaint was that
the computer was dead. Not even the
power supply was starting up,

When the box arrived, I hooked
it up and pressed tlle power switch.
Nothing happened - it was as dead
as a dodo.

This was going to be easy, After all,
as everyone knows, if you press the
power switch and nothing happens,
it's just got to be the power supply.
Yeah, right!

When I removed the side panel, I
immediately spotted two obviously
faulty electrol¡ic capacitors between
the processor ard the memory sockets.
Both had bulging tops which were
covered in abrown crust due to leaking
electrol5rte. Then I spotted two more
identical capacitors with bulging tops
ald leaking electrol¡e in anotfrer sec-
tion of the motherboard.

So it was beginning to appear that
it was a motherboard fault that was
preventing the power suppiy from
starting up. That's because, on an ATX
machine, the power switch is con-
nected to two pins on the motherboard
arrd it's the motherboard that then
starts the power supply (via the main
connector) when the power switch is
pressed.

The question was, was it just the
capacitors that were faulty or had

something else on the motherboard
failed as well? There was only one
way to find out andthatwas to replace
them. If it worked, it worked, If it
didn't, then the motherboard would
be a "bin job".

I removed the motherboa¡d and
took a closer look at the leaking ca-
pacitors, They were all 33oopF 6,3V
types branded "GSC". A quick Google
of "GSC 3300pF" showed that these
blighters have caused problems on lots
of other motherboards over tle years,
not just on this 6-year-old Gigabyte
GA-7VKML.

Before replacing the motherboard
capacitors, I decided to test the power
supply. Whe+ not hooked up to a

motherboard, most ATX supPlies can
be started simply by applying power
and shorting the green wire on the
main connector plug (ie, the one that
plugs into the motherboard) to an
adjacent black wire (ground).

It's also a good idea to connect a
load, as some supplies won't start
without one. In this case, I connected
an old floppy drive to the supply and
used a paper clip to short the green and
black wires on the plug. The power
supply fan immediatelyburst into life

and I was able to confirm that the
+5V and +t2Vrails were present
on the disk drive connectors.

Having clearedthe power sup-
ply, I went back to the mother-

board. Removing capacitors from
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Either the Jaycar QP-5515 LCD
module (no backlight) or the QP-
5516 LCD module (with backlight)
can be used with this project.

lf you intend running the unit from
a plugpack or if battery use will only
be for short periods, then the backlit
QP-5516 can be used. Alternatively,
for general battery use, we recom-
mend the QP-5515 - its current
consumption is much lower and so
the battery will last a lot longer.
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connectors. Replacing them wasn't
an option, as they are moulded into a
fltting which also includes the front-
panel audio output and microphone
sockets,

It's not uncommon
Apparently, damage to USB sockets

is not uncommon. In fact, when I men-
tioneditto a colleague, he immediately
showed me anotebook computerwith
a damaged USB socket that had all its
metal contacts sitting in mid-air (see

photo). Another colleague had also
encountered several computers with
similar damage to USB sockets

It's probably due to the plug being
forced upwards (or downwards) as

some heavy-handed person "yanks" it
out of the socket. When that happens,
the plug acts as a lever and bends the
plastic base inside the socket as it is re-
moved. The base subsequently springs
back into place but the metal contact
strips don't and are Ieft stranded in
mid-air.

The next time someone attempts to
plug in a USB cable, itwon'tfi.tbecause
the ends of these metal contacts now
butt against the plastic base inside the
plug. Any attempt to force the plug in
only mangles the contacts further.

In Duck's machine, someone must
have applied considerable force to the
USB connector because the contacts
had all been bent to the rear of both
sockets. Apparently, there are strong
suspicions as to just who this person
might have been but DNA samples
have yet to be taken.

Duck should wring his neck!

Fig.6: this is what appears on the
LCD screen after zeroing the unit in
capacitance mode.

as everything settles down - that's
normal.

Now press "Zere" button 52 for
a second or two and release it, This
forces the microcontroller to start up
again and recalibrate, so you'll briefly
see the "Calibrating" message again
a¡rd then "C = 0.0pF", This indicates
that the microcontroller has balanced
out the stray capacitance and reset its
zero reference.

Troubleshooting
If you don't get any messages dis-

played on the LCD, chances are that
you've connected either the battery
snap lead or the plugpack lead's con-
nector with reversed polarity. Check
the supply connections carefully. With
power applied, you should be able to
measure +5V on pin 14 of IC1 with
respect to ground.

Alternatively, if you get some mes-
sages-on the LCD but they're not as

described, it's time to check that the
meter's test oscillator is working prop-
erly. To do this, switch off, fit jumper
shunt LK2 (ie, at the back of the board),
then apply power and watch the
LCD. After the "Calibrating" message,
the micro should display an 8-digit
number which represents the oscilla-
tor frequency F1, This should be be-
tween about 00042000 and 00058000,
if your components for L1 and C1 are
within the usual tolerance.

If the figure you get for F1 is
'00000000", your test oscillator isn't
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to nail the culprit. Disconnecting the
supply connectors to the disk drives
made no difference but when I discon-
nected the front-panel USB connec-
tor cable from the motherboard and
pressedthe power switch, the machine
immediately switched on!

In fact, after reconnecting power
to the disk drives, it booted straight
into Windows and behaved normally,
Duck's computer was back in action!

Mangled USB ports
A close inspection of the two front-

panel USB sockets revealed that the
contacts in both had been thoroughly
mangled. These contacts usually lie
flat on a plastic base but inbotlr cases,
they had been lifted up and pushed
to the rear of the socket, so that all
contacts were bent and shorted to the
metal housing,

That also meant that the power
supply contacts in both sockets were
shorted to earth. The motherboard
had been detecting this short and as a
result, had been refusing to start the
power supply.

In the end, the cure was simple - just
leave the USB cable disconnected and
seal the two faulty front-panel USB

working and you will need to switch
off a¡d look for the cáuse. The possi-
bilities include missed solder joints, a
poor solder joint involving one of the
oscillator components, or perhaps a
tiny sliver of solder bridging adjacent
tracks or pads.

Ifyou do get a figure in the correct
range, write the value down, then
switch off and transfer the jumper
shunt to the LK1 position, Re-apply
power and check that the LCD now
shows a different 8-digit number after
calibrating. This will be F2 - ie, the
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Fig.7: the adaptor board (left) is designed
to facilitate the neasurement of very snall
capacitors, including SMD devices. The
"shorting bar" (above, right) allows easier
zeroing of the meter in its inductance mode.

Thatdone, thetwo pin jacks (cutfrom
a SIL or DIL socket strip) are soldered
into the two smaller holes.

To use this adaptor board, you sim-
ply plug it into the top of the Digital LC
Meter's binding posts and then press
the Zero button to force the meter to
cancel out the additional stray capaci-
tance. You can then measure small
leaded capac¡tors, tr¡mmers or SMD
capacitors s¡mply by app¡ying them to
the top of the adaptor.

Finally, we have also designed a
second small adaptor board which
acts a "shorting bai'. lt connects be-
tween the two normal binding posts of
the Digital LC Meter, to allow zeroing
of the meter in its inductance mode.

HN TACKS

ISHOMNG BAR'FOR
ZEROING MEIER IN
INDI'EÍAI.ICE MODE

O HELP MEASURE very small
I capacitors - including trimmers

and SMD capacitors - we have de-
s¡gned a small adaptor board which
can be plugged into the mete/s bind-
ing post terminals. This adaptor board
provides a pa¡r of closely spaced pin
jacks, along with copper pads sepa-
rated by a lmm gap.

The pin jacks make it easier to
measure small leaded capacitors and
very small trimmers, while the copper
pads alongside are for measuring
SMD capacitors.

The adaptor board is easily assem-
bled. lt mounts copper-side-up on two
banana plugs, which are soldered to
thecopperaround the two large holes.
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a multilayer board is never easy, as

care has to be taken not to damage
the tiny pads or any adjacent tracks.
However, by using a hot iron with a
fine-pointed tip, I was eventually able
to "wriggle" each capacitor out of its
mounting holes. I then used a needle
which I heated with the soldering
iron to clear the holes of solder before
installing fournew 3300pF 10V (105")
low-ESR capacitors into the vaca¡t
positions.

That done, I sat the motherboard
on a cardboard box, plugged in the
power supply and briefly shorted the
motherboard's power switch pins. The
power supply immediately started, so
it looked like the problem was solved.
AII that remained now was to re-install
the motherboard in the case, plug in all
the cables and batten down the hatches

- or so I thought,
Well I did thatbutwhen I attempted

to restart the computer for a fi¡ral test, it
was as dead as a dodo again. What was
going on? I'd fixed the faulty capacitors
but there was obviously another fault
Iurking in the works somewhere.

I decided to see if I could make the
problem go away by disconnecting
each item in turn. It didn't take long
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side view shows the completed PC-board and lid assenbly, ready for
installation in the case.

Cnp website and printed onto photo-
graphic paper. It can then be attached
to the lid using an even smear of neu-
tral-cure silicone sealant ald the holes
cut out using a sharp hobby knife.

Once all the panel hardware is in
place, the next step is to fit the PC

board, The first thing to note here is
that the rear lugs of switches 52 & 53
will pass through their PC pads when
the board is mounted on the lid, with
just enough metal protruding to al-
low soldering, This also applies to
the binding post terminals. However,
slide switch Sl's lugs are not long
enough for this, so after the switch is
mounted on the lid, a short length of
tinned copper wire (eg, a resistor lead
offcut) mustbe soldered to each lug to

extend its length.
By the way, when you're

. fitting these short extension
wires, it's a good idea to

make a small hook at the end
of each wire and pass it through
the lug's holebefore squeezing
it with needle-nose pliers. The

idea here is to ensure that, once
soldered, it's not going to fall out when
the lower ends of the wires are later
soldered to the board pads.

Once the extension wires have been
fitted, you should be able to fit the PC
board assembly on the lid so that all
the switch and binding post leads pass
through their matching board holes.
That done, you can fasten it all together
using fourM3 x 6mm countersinkhead
screws which pass through the front
of the lid and into the spacers.

The assembly can nowbe completed
by soldering the switch and binding
post leads arrd by fitting the battery
snap connector,

Checkout & calibration
Your LC Meter is now ready for test-

ing and calibration, To do this, first
connect a plugpack supply or a 9V
alkaline battery to the unit, set slider
switch 51 to the "Capacitance" posi-
tion and switch on using 53. As soon
as power is applied, the message "CaIi-
brating" should appeil on the LCD
for a second or two, then the disPlaY
should change to read "C = NN.N pF",
where NN.N is less than 10pF,

If this happens, then your meter is
probably working couectly, so just
leave it for a minute or two to let the
test oscillator stabilise. During this
time the capacitance reading may vary
stightly by a few tenths of a picofarad

wear but still working [just).
The new owner really only wanted

to use it for spare parts and removed
the output transformer to use in anoth-
er amplifier. But then, some years later,
he decided to reinstall the transformer
back into the original Ace Radio unit
to get it working again.

When he did, the output was lower
than normal and he noticed that if he
removed one of the output valves (V4)
EL84/68Q5), the sound actually got
louder, However, if he removed the
other output valve (V3) instead, there
was no sound!

Not sure of the condition of the
valves, he swapped them around with
the other amplifier. Most made no
difference but swapping the ECCB3/
1,2AX7 (V2) caused the amplifier to
go into an uncontrollable howl. And
that's when he brought it in to me,

Not having a circuit diagram but
being of Pommie descent, I recognised
the design to be based loosgly on the
Mullard 5-L0. And fortunately, I still
had my bible "Mullard Circuits for Au-
dio Amplifiers", 2nd Edition August
1960 which I acquiredwhen Ibuiltmy
Stern-Clyne kit from London (along
with many others).

The Ace Radio version still had
wax capacitors and old style resistors
where the body colour was the first
digit. I began by measuring the voltages
on the outputs and soon discovered
that one of them was switched off at
the phase splitter, The EFB6/6BKB was
also nearly switched off too,

Anyway, bearing in mind its 4O-year
old status, it was hard to know where
to start. I began with the old capacitors,

changing them for the later Philips
beige axial polyesters and rounding
the .05¡rF units to .o47¡tF. The elec-
trolytics were also replaced, with the
25pF and 16pF units replacedby 22pF
capacitors,

Some of the resistors in this old cor-
roded amplifrer were very much the
worse for wear. These included the
325Ç) wirewound cathode resistors
on the output valves, I replaced these
with 330Q units and out of interest,
checked the old resistors on my DMM.
They were a long way from the marked
values.

The old Ace Radio amplifier had
been modifi.ed and repaired several
times during its long life, so I couldn't
be certain as to its exact original con-
flguration. Unfortunately, after replac-
ing most of the remaining resistors and
capacitors with new high-stability
types, the symptoms were still the
same. I also noticed that the two
output cathodes had been strapped
together with no parallel electros - not
that this made any difference to the
symptoms.

I was beginning to suspect the Fer-
guson output transformer, so I tried
swapping the leads around from one
valve to a¡rother but it made no differ-
ence. I then disconnected the negative
feedback from the output stage and
that too made no difference.

I did notice, however, that if Vr
(EF86/6BKS) was removed, all the
voltages in the rest of the amplifler
returned to normal. As a result, I spent
a lot of time checking its operating
conditions. I even went to the extent
of replacing the old rusty valve sock-

These are the four 3300¡rF electrolytic
capacitors removed from the Gigabyte
GA-7VKML motherboard (all carried
a "GSC" brand). Note the bulging tops
and the leaking electrolyte.

This view shows a mangled USB Port
(circled) on a colleague's notebook
computer. Note how the pins are all
sitting in mid-air.

ets in case the sea water had made
them conductive but as usual, it was
a case of a lot of different symptoms
a¡rd not knowing which ones were
significant,,

In fact it was the ECCB3iIZAX7
valve (V2) that gave the important
clue. Assuming its replacement was

lSmm IONG
M3 TAP9ED

SPACERS

óm LOù.lG

M3 SCREWS

Fig.4: here's how
the assembly goes
together. The
LCD module is
mounted using
Nylon screws
and nuts, while
the completed
board assembly
is attached to the
case lid using M3
x 15mm tapped
s¡racers and
rnachine sc¡ews,
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ing for the front panel, If so, it will be
simply a matter of frtting the switches
and binding posts to the lid.

Note that slide switch SL is secured
usingtwo M2 x 6mmmachine screws,
while 52 & 53 are mounted using their
own mounting nuts and lockwashers,
The binding posts mount to the panel
in the same way.

If you have to drill the case holes
yourself, you can use a copy of the

front panel artwork as a drilling tem-
plate. In addition, you wiII have to
drill/ream a 1-0mm diameter hole in
the righthand end of the box to give
access to the DC connector (CONl),
This hole shouldbe positioned 22mm
from the lront edge of the case and
9mm down from the lid, so that it
aligns correctly with CON1,.

That done, the front panel artwork
can be downloaded from the SucoN

Fig.s: this full-size front-panel artwork can be used as a drilling template for
the front panel. The artwork is also on the SILICON CHIP website.
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TRUE AUDIOPHILE SFEAKERS
Danish Engineered Speaker Drivers for

Astonishing Sound Reproduct¡on w¡th
Clarity & Outstand¡ng Performance

vifa innovation lives on
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