
Here's a handy piece of test gear you can

port (ie, after sending pin 4 of the se-
rial port high).

So the PGD line is actually "bi-di-
rectional" and is used as an output
when writing to the microcontroller
and as art input when reading from
the microcontroller.

Note that, as with the PGC line, the
PGD line is fed via a 39O resistor and is
filtered usin g a 22pF ceramic capacitor
to reduce spurious noise.

TvvoZIF (zero insertion force) sock-
ets are used to accept the microcontrol-
ler to be programmed. ZIF SKTL is
used for dsPIC30F series microcontrol-
lers and they should always be aligned
with their pin 1 going to pin 1 of the
ZIF socket,

Alternatively, ZIF SKT? should be
used for programming standard PICs
like the 16FBB. As before, pin L of the
microcontroller goes to pin 1 of the
ZIF socket.

Note, however, thatthe 10F and 12F
series of PICs are not compatible with
the onboard ZIF socket, These mustbe
programmed via an external adaptor
board, as described later, or by using
CONS and a breadboard,'

External programming
CON3 is a 6-pin header and its pin-

out is arranged as shown in Table 1. It
can be used to access the five relevart
Iines required to program both PICs
and dsPICs externally (see the section
entitled "External Programming Using
CON3" below),

For example, if your PIC is not
actually compatible with the pin-
ning of ZIF SKT? [eg, if you have a
PICI,OF2OZ), then you may use this
connector to access the relevant lines.
These lines can be connected to, say,
a breadboard, to program your PIC off
the PC board, Of course, you can also
use this connector to program micro-
controllers in circuit as well.

fumper settings
Finally, there is an 8-pin header

which accepts jumper shunts IP1,-JP4.
However, only two of the four posi-
tions should ever be shorted at any
one time. Table 2 shows the jumper
functions.

In practice, you must set these ac-
cording to the microcontroller being
programmed. Either lP1 or JP2 (but
not both) must be shorted according
to the type of dsPIC being programmed
in ZIF SKT1, while JP3 or JP4 (but
not both) must be shorted according
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build for yourself - a Digital LC Meter for
measuring inductance and capacitance over
a wide range. It's based on an ingenious
measurement technique, delivers surprising
accuracy and is easy to build.

ANY MODERN DMM's (digital
multimeters) have capacitance

measuring ranges, especially the up-
market models, So it's not hard to
measure the value of capacitors, as

Iong as their value is more than about
50pF or so.

Below that level, DMMs are not very
usefuI for capacitalce measurements.
Dedicated digital capacitance meters
are available, of course, and they gen-
erally measure down to a few pF or
so. But if you want to measure things
like stray capacitance, they too are of
Iimited use.
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It's even worse when it comes to
measuring inductors. Very few DMMs
have the ability to measure induct-
ance, so in many cases you have to use
either an old-type inductance bridge or
a 'Q'meter. Both of these are basically
analog instruments and don't offer
either high resolution or particularly
high accuracy.

It's different for professionals who
for the last 20 years or so have been
able to use digital LCR meters. These
allow you to measure almost any pas-
sive component quickly and automati-
cally, often measuring not just their

primary parameter (like inductance or
capacitance) but one or more second-
aryparameters as well, However, many
of these you-beaut instruments also
carried ahefty price tag, keeping them
well out of reach for many of us.

Fortunately, thanks to microcon-
troller technology, that situation has
changed somewhat in the last few
years with much more affordable dig-
ital instruments now becoming avail-
able. These include both commercial
and DIY instruments, along with the
unit described here.

Main features
As shown in the'photos, our new

Digital LC Meter is very compact, It's
easy to build, has a¡r LCD readout and
fits snugly inside a UB3 utility box. It
won't break the bank either - we esti-
mate that you should be able to build
it for less than $75,

Despite its modest cost, it offers
automatic direct digital measurement
over awide range forboth capacitance
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Fants Lflst

1 PC board, code 07105081,
122x 120mm

1 adaptor PC board, code
07105083, 52 x 19mm

1 16V 400mA DC plugpack
1 SPDT right-angle PO-mount

toggle switch (S1)
1 PO-mount 2.5mm DC socket

(coN1)
1 DBg female right-angle socket

(coN2)
1 DlP14 lC socket
1 DlP16 lC socket
2D|P4O ZIF sockets
2 jumper shunts
1 8-pin DIL header with 2.54mm

spacing
1 6-pin DIL header with 2.54mm

spacrng
1 500mm length of 0.7mm tinned

copper wire
4 M3 x 6mm screws
2 M3 nuts
2 M3 x 1Omm screws
4 9mm long M3 tapped spacers

Semiconductors
1 MAX232A RS232 line driver

receiver (lC1)
1 74LSO4 hex inverter (lC2)
1 8C337 NPN transistor (Q1)
18C327 PNP transistor (Q2)
1 7805 5V regulator (REG1)
1 LM317T regulator (REG2)
31N4004 diodes (D1-Dg)
1 red 3mm LED (LED1)

Gapacitorc
1 1OpF 16V electrolytic
7 1pF 16V electrolytic
2100nF monolithic (code 100n

or 1 04)
222pF ceramic

Resis'tors (0.25U1, 1 %)
62.2kA
1 1.1kO
1 12012

1 82A
3 39O

by PNP transistor Q2 which in turn is
switched on and off by NPN transistor
Q1, When pin 3 (Tx) of the serial port
is high, it will switch Ql on, in turn
switching Q2 on and applying around
13V to the MCLR-bar/Vpp pin on the
microcontroller to be programmed,

Conversely, when pin 3 of the serial
port is low, Q1 will be off and therefore
Q2 will also be off. In this case, the
2.2kQ resistor on D2's cathode will
pull the MCLR-bar/Vpp pin low.

Basically, on a PIC or dsPIC micro-
controller, the MCLR-bar/Vpp pin acts
either as a Reset (0V) or a programming
voltage pin (around 13V for PICs or
between 9V and 13V for a dsPIC3OF
series microcontroller). When MCLR-
bar/Vpp is low, the microcontroller is
in the Reset state (meaning that all its
configurable pins are high impedance
inputs). When it is high (around V¡¡
= +5V), the microcontroller runs in
program mode and if it is at Vpp the
microcontroller will enter program-
ming mode.

It was a deliberate design decision
to switch the MCLR-bar/Vpp line be-
tween 0V and Vpp rather tha¡r between
V¡¡ and Vpp. This was done to avoid
possible damage to the microcontroller
being programmed.

To explain, if the MCLR-bar/Vpp
line were switched between V¡¡ and
Vpp, the program would run on the
microcontroller when programming
finishes, If that program were to drive
the output pins (as digital outputs or
as peripheral outputsJ, it could cause
excessive currents to flow and damage
the output stages of those pins,

That's because the ZIF sockets have
many power connections to accom-
modate differentPICs and dsPICs (+5V
and GND). As a result, some of the
microcontroller's output pins could
be shorted to +5V or to ground if the
program were to tun.

For this reason, the Vpp pin is
switched from 0V to 13V so that the
microcontroller is never in the run-
ning mode.

Of course, if youwere to incorporate
this programmer onto a PC board that
catered for ICSP (in-circuit-serial-pro-
gramming) then you would have this
line switch from V¡¡ (+5V) to 13V and
the reset would occur on any transition
from 13V down to 5V, Refer to the sec-
tion entitled "External Programming
Using CON3") for more details.

Note that some PIC microcontrollers
can be configured to disable the Reset

function of the MCLR-bar/Vpp pin, al-
Iowing it to be used for an alternative
(multiplexed) function, This should be
avoided when using this programmer
with a dsPIC or PIC plugged into a ZIF
socket, for the reasons outlined above
(this does not apply when using CON3
to program an external device),

Reguldtor REGI is used to derive
the +5V rail and this is used to power
IC'l,,ICz and the microcontroller being
programmed. This +5V rail is bypassed
using 1O¡rF, 1p.F and 100nF capacitors,
while a 1¡rF capacitor also bypasses
REG1's input.

Control lines
The relevant lines used in the RS-

232 serial interface to control the
dsPIC/PIC Programmer are derived
from pins 3, 4,5,7 & B.

Pin 5 is the ground connection while
pins 3, 4 & 7 (respectively Tx, DTR and
RTS) are outputs from the serial port.
In particular, pins 4 & 7 are digital
outputs, while pin 3 is usually the
Transmit line of the serial port. These
a¡e controlled by the WinPIC software
on the PC as appropriate,

Finally, pin B (CTS) is an input pin
and this is used to read data from the
microcontroller, as required to verify
or read the state of the memory.

IC1 is a MAX232 RS-232 line driver
receiver. Its job is to translate between
the RS-232 voltage levels (ie, t10V)
at the serial port and the TTL levels
(0-5V) used by the microcontroller. As
mentioned, pins 4 & 7 of the serial port
are standard digital outputs and these
are connected directly to IC1.

In operation, the MAX232 actually
inverts the levels and so its outputs at
pins 9 & 12 are fed to inverter IC2a &
IC2f (part of a 74LS04 hex inverter) to
invert them back again.

Pin 7 of the serial port controls the
PGC (CLOCK) Iine and is applied to
the microcontroller via IC1, IC2a and
a 39Ç) resistor (to limit the current). In
addition, a 22pF ceramic capacitor is
used to flIter any high-frequency noise
on this line,

Pin 4 controls the PGD line (DATA)
output. When it goes low so does
the pin 12 output of inverter IC2f.
Diode D3 allows a low level from
IC2f to drive the PGD line but blocks
high-level signals from IC2f. A 2.zko-
pull-up resistor is used instead to pull
this line high. This allows the WinPIC
softwa¡e to read the PGD line from the
microcontroller via pin B of the serial

CAI

clL

Fig.1: the circuit uses a wide-range test oscillator, the frequency of which
vaiies when an unlsrown inductor (Lx) or capacitor (Cx) is connected. This
oscillator is in turn monitored using a microconboller which accurately
calibrates the unit and measures the change in oscillator frequency. The
microcontroller then calculates the unknown component's inductance or
capacitance and displays the result on an LCI).

HOW ITWORKS: THE EAUATIONS

(A) ln colibrotion mode
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+2.5Y level, the comparator's output
suddenly switches low,

This voltage low is fed back to the
comparator's non-inverting input via
a 100kO feedback resistor. It is also
coupled through the 10PF input ca-
pacitor to a tuned circuit formed by
inductor L1 and capacitor C1. This
makes the tuned circuit "ring" at its
resonant frequency.

As a result, the comparator and
the tuned circuit now function as an
oscillator at that resonant frequency,
In effect, the comparator effectively
functions as a "negative tesistatce"
across the tuned circuit, to cancel its
losses and maintain oscillation.

Once this oscillation is established,
a square wave of the same frequency
appears at the comParator's outPut
and it is this frequency (Fo,'i that is
measured by the microcontroller. In
practice, before anything else is con-

c

L

ideally be between 12.8V and 13.1V,
However, anything from 13.4V to
13.8V is actually OK atREG2's output,
since this is fed through transistor
switch Q2 and series diode D2 before
being applied to the MCLR-bar/Vpp
(master clear/programming voltagel
pin of the microcontroller to be pro-
grammed.

In operation, the regulated 13.6V
rail from REG2 is switched on and off
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(C) and inductance (L) with a-digit
resolution. In fact, it measures capaci-
tance from just 0.1pF up to B00nF and
inducta¡rce from 1OnHto 70mH. Meas-
urement accuracy is also surprisingly
good, at better than t1% ofreading.

It also operates from 9-12V DC,
drawing an average current of less
than 20m4, This means that it can be
powered fiom either a 9V alkaline bat-
tery inside the case or f¡om an external
plugpack supply.

How it works
The meter's impressive performalce

depends on an ingenious measure-
ment technique which was developed
about 10 years ago by NeiI Hecht, of
Washington state in the USA. It uses
a wide-range test oscillator whose
frequency is varied by connecting the
unknown inductor or capacitor you're
measuring. The resulting change in
frequency is measured by a micro-
controller which then calculates the
component's value and displays it
directly on an LCD readout.

So there are basically only two key
parts in the meter: (1J the test oscilla-
tor itself and [2) the microcontroller
which measures its frequency (with
and without the component being
measured) and calculates the compo-
nent's value.

To achieve reliable oscillation over
a wide frequency range, the test oscil-
lator is based on an analog comparator
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with positive feedback around it - see
Fig.1. This configuration has a natural
inclination to oscillate because ofthe
very high gain between tle compara-
tor's input and output.

When power (+5V) is flrst applied,
the comparator's non-inverting (+)
input is held at half the supply volt-
age (+2,5V) by a bias divider formed
by two 100kQ resistors. However, the
voltage at the inverting input is ini-
tially zero because the 1OpF capacitor
at this input needs time to charge via
the 47kQ feedback resistor. So with
its non-inverting input much more
positive than its inverting input, the
comparator initially switches its out-
put high (ie, to +5V).

Once it does so, the 10pF capacitor
on the inverting inputbegins charging
via the 47kO resistor and so the volt-
age at this input rises exponentially,
As soon as it rises slightly above the

. Inductance Range: from about 1OnH to over 70mH (4-digit resolution)

o Capacitance Range: from about 0.1pF to over 800nF (4-digit resolution)

. Range Selection: automatic (capacitors must be non-polarised)

o Sampling Rate: approximately five measurements per second

. Expected Accuracy: better than *11" ol reading, +0.1pF or +1OnH

o Power Supply: 9-12V DC at less than 20mA (non-backlit LCD module).
Can be operated from an internal 9V battery or an external plugpack.

siliconchip.com.au MAY 2OOB 47



Parts Ltst

1 PC board, code 04105081,
125 x 58mm

1 PC board, code 04105082,3ô
x 16mm

1 PC board, code 04105083,41
x 21mm

1 UB3 utility box, 130 x 68 x
44mm

1 16x2 LCD module (Jaycar QP-
5515 or QP-5516 - see panel)

1 5V 1OmA DIL reed relay
(Jaycar SY-4030)

1 100pH RF inductor (11)
1 4.0MHz crystal, HC-49U
1 DPDT subminiature slider

switch (S1)
1 SPST momentary contact

pushbutton switch (S2)
1 SPDT minitoggle switch (S3)
1 18-pin DIL lC socket
1 2.5mm PC-mount DC

connector
1 4x2 section of DIL header strip
1 7x2 section of DIL header strip
1 jumper shunt
1 binding posVbanana socket,

red
1 binding posUbanana socket,

black
2 PC terminalpins, 1mm

diameter
4 M3 x 1Smm tapped spacers
4 M3 x 6mm csk head machine

screws

5 M3 x 6mm pan head machine
screws

1 M3 nut (metal)
2M2x 6mm machine screws

(for S1)
4 M3 x 12mm Nylon screws
I M3 Nylon nuts
4 M3 Nylon nuts with integral

washers
1 9V battery snap lead
1 1OkO horizontaltrimpot (VR1)

Semiconductorc
1 PlCl 6F628A microcontroller

programmed with 041 05084.
hex (lC1)

1 7805 +5V regulator (REG1)
1 1N4148 diode (D1)
1 1N4004 diode (D2)

Capacitorc
122¡tF 16V RB electrolytic
210¡tF 16V RB electrolytic
1 1OpF 16V tantalum
1 100nF monolithic
2 1nF MKT or polyçtyrene (1%

if possible)
233pF NPO ceramic

Resistorc (0.25W, 1%l
3 100ko 2 4.7ko
1 68kO 4 1kO
1 47kA

nected into ci¡cuit, Forrl simply cor-
responds to the resonant frequency of
L1, C1 arrd any stray capacitance that
may be associated with them.

When power is first applied to the
meter, the microcontroller measures
this frequency (F1) and stores it in
memory. It then energises reed relay
RLYI, which switches capacitor C2
in parallel with C1 and thus alters the
oscillator frequency (ie, it lowers it).
The microcontroller then measures
and stores this new frequency (F2).

Next, the microcontroller uses these
two frequencies plus the value of C2
to accurately calculate the values of
both C1 and L1. If you're interested, the
equations it uses to do this are shown
in the top (Calibration Mode) section
of the box titled "How It Works: The
Equations".

Following these calculations, the
microcontroller turns RLY1 off again
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to remove C2, allowing the oscillator
frequency to return to F1. The unit is
now ready to measure the unknown
inductor or capacitor (Cx or Lx).

As shown in Fig.1, the unknown
component is connected across the test
terminals. It is then connected to the
oscillator's tu¡red circuit via switch S1.
When measuring an unknown capaci-
tor, 51 is switched to the "C" position
so that the capacitor is connected in
parallel with Cr. Alternatively, for an
unknown inductor, 51 is switched to
the "L" position so that the inductòr
is connected in series with Lr,

In both cases, the added Cx or Lx
again causes the oscillator frequency
to change, to a new frequency (F3).
As with F2, this will always be lower
than FL. So by measuring F3 as before
and monitoring the position of 51
(which is done via the C/L-bar line),
the microcontroller cal calculate the

value of the unknown component
using one of the equations shown in
the lower section of the equations box
- ie, the section labelled "In Measure-
ment Mode".

From these equations, you car. see
that the micro has some fairly solid
"number crunching" to do, both in the
calibration mode when it calculates
the values of L1 and C1 and then in
the measurement mode when it cal-
culates the value of Cx or Lx, Each of
these values needs to be calculated to a
high degree ofresolution and accuracy.
To achieve this, the micro's firmware
needs to make use of some 24-bit float-
ing point maths routines.

Circuit details
Howthis ingeniousyet simple meas-

urement scheme is used to produce a
practical LC meter can be seen from the
fulI circuit diagram of Fig,2,It's even
simpler than you might have expected
because there's no separate comparator
to form the heart of the measurement
oscillator. Instead we're making use
of a comparator that's built into the
microcontroller (IC1) itself.

As shown, microcontroller IC1 is a
PIC16F628A and it actually contains
two analog comparators which can be
configured in a variety of ways. Here
we are using comparator 1 (CMPI) as

the measurement oscillator. Compara-
tor 2 (CMP2) is used only to provide
some additional "squaring up" of the
output from CMPI and its outputthen
drives the internal frequency counting
circuitry.

The oscillator circuitry is essentially
unchanged from that shown in Fig.1.
Note that the micro controls RLY1
(which switches calibrating capacitor
C2 in and out of circuit) via its I/O
port B's RB7 line (pin L3). Diode DL
prevents the micro's internal circuitry
from being damaged by inductive
spikes when RLY1 switches off.

In operation, IC1 senses which po-
sition switch 51 is in using RB6 (pin
12). This is pulled high internally
when S1b is in the "C" position ald
Iow when S1b is in the "L" position.
Crystal X1 (aMHz) sets the clock fre-
quency for IC1, while the associated
33pF capacitors provide the correct
loading to ensure reliable starting of
the clock oscillator.

The results of IC1's calculations are
displayed on a standard 2x16line LCD
module. This is driven directly from
the micro itself, via port pins RB0-R85.

a serial port. There are really three
lines which are necess€ry to program
most PICs and microcontrollers in
the dsPIC30F family: CLOCK (PGC),
D,{TA (PGD) and Vpp (programming
voltage),

Incidentally, the dsPIC3OF family
has two programming modes - en-
hanced and standard. The enhanced
mode is faster ald requires a program-
ming executive or "bootloader" to be
programmed in first. However, this
programmer uses only the slower
ICSP mode that is standard across the
PIC family (ICSP = In-Circuit Serial
Programming).

Ifyou are interested in the details of
the ICSP protocol, refer to the Micro-
chip website at wlvw.microchip.com
(look for the "memory programming
specifications").

Programming mode is entered by
raising Vpp up to around 13V. Data
is then programmed into the micro-
controller by serially shifting com-
mands and data using the PGC and
PGD lines.

The PGC line synchronises tl.e ex-
change of se¡ial bits, while the PGD
line contains the data. The PGD line
is bidirectional, allowing reading and
writing of the microcontroller.

For example, there is a commald
code for "Erase" which will erase the
flash memory of the microcontroller.
There are also commalds for "Writ-
ing" and "Reading" pages, etc. As
soon as the microcontroller enters
programming mode, it starts listening
for commands.

Circuit details
. To successfully program a PIC or

dsPIC series microcontroller, we must
be able to control the PGC, PGD and
VPP lines in the correct fashion. The
Stucox Cnp dsPIC/PIC Programmer
achieves this by giving control of
these lines to the software running on
a PC. This software program is called
"WinPIC" a¡d it makes sure that the
correct procedr:re is followed for a
particular device.

Fig.1 shows the circuit details, As
car be seen, the dsPIC/PIC Program-
mer has two distinct supply rails (+5V
& +13.6V) and these are derived from
the DC supply rail using two 3-termi-
nal regulators (REG1 & REG2). 51 is the
power on/off switch, LED1 provides
power indication and diode D1 pro-
vides reverse polarity protection,

REG2 is an LM317T variable voltage
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regulator. Its output is determined by
the bias applied to its ADf terminal,
as determined by the voltage divider
formed by the 120Q resistor arrd the
series 1.1kCl & 82Q resistors.

If R1 is the resistance between
the OUT and AD] terminals (120Ç)

in our case) and R2 is the resistance
between ADJ and GND (1182C)), then
the LM3L7T will regulate its output

voltage to: Y =7.25 x (1+ R2lR1). Note,
however, that slight manufacturing
variations mean that the L.25 factor
can be anywhere between 1.2 ald 1.3
in actual practice.

In this case, RL & R2 have been se-
lected so that REG2 regulates its output
to 13.6V in typical conditions. This
provides the MCLR-bar/Vpp voltage
for the microcontroller which should

m

Features
(1) W¡llprogram alldsPlC3OF series microcontrollers in the DIP package
(2) Will program most PlCs in DIP package
(3) Uses PC freeware WinPlC forWindows
(4) Connects to the serial (RS232) port of a PC
(5)Very low cost

Minimum Supported lleyices (others may also work)
10F series
1 0F20012021204/206 (E) (.)

12F series
12Fs08/50e (E)
12F609/615 (E)
12F629/675 (E) (.)
12F635/636/63e (E)
12F683 (E)

16F series
16F610/616 (E)
1 6F 627 / 627 N 628 / 628 A (. )
1 6F630/631 /636/639/676/677 t68416851687/688/689 (E)
1 6F648/648A
1 6F71 6
16F73n37n4n6n7
1 6F81 8/81 I
16F84184N87188 (.)
16F87018711872
1 6F 87 3 I 87 3 N 87 4 I 87 4 N 87 6 I 87 6 N 87 7 I 877 A ('* )
16F913/914/9161917

18F series
1 8F 2220 I 2320 I 4220 I 4320
1 8F 2331 I 2431 I 4331 I 4431
1 8F 2420 I 2520 I 4 420 I 4520
18F245014450
1 8F 2455 I 25 50 / 4 455 / 4550 (. )
1 8F 2480 I 2580 I 4480 I 4580
1 8F 2525 I 2620 4525 I 4620
1 8F 2439 I 2539 I 4 439 I 4539
18F2421252144214521
1 I F2585/4585/2680/4680
18F248125814481458
1 8F 26821 2685 I 46821 4685

dsPlC30F ser¡es
dsPlC30F2010 (")
dsPIC30F2011/3012 (.)
dsPlC30F2012/3013 (.)
dsPlC30F3010 (.)
dsPlC30F3011 (.)
dsPlC30F301414013 (.)
dsPlC30F4011 (-)
dsPlC30F4012 (.)

(*) = tested & passed. (E) = requires external connection or adaptor socket.
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[ICs ARE NOW ONE of the most
-f widely used microcontrollers. Like
all micros, they greatly simplify many
electronic designs, are reconfigurable
in the field and allow projects that
would be unwieldy or overly com-
plex without them. In addition, extra
features can often be added retrospec-
tively to the firmware.

Although the PIC family of micro-
controllers is well k¡rown (we have
published many projects that employ
PICs), Microchip also manufactures
the lesser-known dsPIC30F series of
microcontrollers.

These are microcontrollers with
similar peripherals to those found
on standard PICs but which have an
enhanced instruction set augmented
with DSP (digital signal processing)
type operations. They are 16-bit mi-
crocontrollers and are surprisingly
powerful, running at speeds in the
tens of MIPs (millions of instructions
per second).
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Dedicated single-cycle DSP opera-
tions like MAC (multiply and accumu-
late) allow them to perform real-time
signal processing using multiple 40-bit
accumulators. They also incorporate
hardware multiplication and division
and have surprisingly fast ADC acqui-
sition modes. These features make
them well-suited to many digital signal
processing applications.

One such device, the dsPIC30F4011,
will feature in a new digital Musicol-
our lightshow project to be published
soon in SIrtcoN CHIp. This particular
device can perform a real-time FFT
(Fast Fourier Transform) on audio-
band signals with ADC acquisition
modes that can operate at up to 1MS/s
(1 million samples per second). It runs
at close to 3OMIPs and has 4BkB of
proSram memory.

Programming them
The dsPIC30F series of micro-

controllers ate extremely useful but

most older PIC programmers cannot
program them, This is due to incom-
patibilities with the pin-outs of the
dsPIC family.

As a result, we have designed
this simple, low-cost dsPIC and PIC
programmer. It can program all the
dsPIC30F family of microcontrollers
that are available in a DIP package, as

well as almost all regular PICs. It uses
freely-available software (for the PC)
and is easy to buiÌd.

By the way, if you have ever wanted
to experiment with DSPs (digital signal
processors), the dsPIC30F series is a

good starting point. Microchip offers
a lot of documentation and source
code for free on their website vvww.
microchip.com,

Programming procedure
Our new programmer is based on

the original COMB4 style programmer
- so named because it was designed to
program 1 6FB4 microprocessors from

Trimpot VR1 allows the LCD contrast
to be optimised.

Firmware & link functions
The filmware in IC1 is designed to

automatically perform the calibration
function just after initial start-up.
However, this can also be performed
at any other time using switch 52.
Pressing this switch simply pulls the
micro's MCLR-bar pin (+) down, so
that the micro is forced to reset and
start up again, recalibrating the circuit
in the process,

Links LKl-LK4 are not installed for
normal use but are used for the initial
setting up, testing and calibration. As
shown, these links connect between
RB3-RB0 and ground respectively.

For example, if you fit LK1 and then
press S2 to force a reset, the micro will
activate RLY1 (to switch capacitor C2
into circuit) and measure oscillator
frequency F2. This is then displayed
on the LCD.

Similarly, if you fit LK2 and press
52, the micro simply measures the
initial oscillator frequency (F1) and
displays this on the LCD. This allows
you to not only make sure that the os-
cillator is operating but you can check
its frequency as well. We'll have more
to say about this later.

LK3 & LK4 allow you to perform
manual calibration "tweaks" to the
meter. This is useful if you have access
to a capacitor whose value is very ac-
curately known (because it has been
measured using a full-scale LCR meter,
for example).

With LK3 fltted, the capacitance
reading decreases by a small amount
each time it makes a new measure-
ment (which is about five times per
second). Conversely, if LK4 is fitted
instead, the microcontroller increases
the capacitance reading by a small
increment each time it performs a new
measurement,

Each time a change is made, the ad-
justment factor is stored in the micro's
EEPROM and this calibration value is
then applied to future measurements.
Note also that although the calibration
is made using a "standard" capacitor,
it also affects the inducta¡rce measure-
ment function.

In short, the idea is to flt the jumper
to one link or the other (ie, to LK3 or
LK4) until the reading is correct, The
link is then removed.

As mentioned above,links LK1-LK4
are all left out for normal operation,

siliconchip.com.au

By Mauro Grassi

for dsPl0s & PlCs
This low-cost unit can program all dsPICSOF series
microcontrollers in the DIP package, along with most PIC
microControllers. ft's easy to build and uses standard parts.
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They're only used for troubleshooting
and calibration,

Power supply
Power forthe circuit is derived from

an external 9-12VDC source. This can
come from either a plugpack supply
or from an internal 9V battery. The
switched DC input socket automati-
cally disconnects the battery when the
plugpack supply is connected.

The incoming DC rail is fed via re-
verse polarity protection diode D2 and

power switch 53 to regulator REG1 - a

standard 7805 device. The resulting
+5V rail at REG1's output is then used
to power IC1 and the LCD module.

Construction
Because ituses so fewparts, the unit

is very easy to build, AII the parts, ex-
cept for switches S1-S3 and the Cx/Lx
input terminals, are mounted on a PC
board coded o41o5o81 and measur-
ing 125 x 58mm. The LCD module
connects to a 7x2 DIL pin header at

one end ofthe board and is sup-
ported at either end using M3
Nylon screws and nuts,

Fig.3 shows the parts layout
on the PC board. Here's the
suggested order of fitting the
components to the PC board:

(11. Fit DC power connec-
tor CON1 and the two 1mm PC

board terminal pins for the internal
battery connections.

(2). Fit the six wire links, four of
which go under where the LCD mod-
ule is later frtted, Don't forget the link
immediately below switch S1.

(3). Install lhe 4x2 DIL pin header
used for links LK1-LK4. Note that this
item must be mounted on the copper
side of the board (not on the top), so
that a jumper can later be fitted to any
of the links when the board assembly
is attached to the box lid).

To install this header, just push the
ends of the longer sides of the pins into
the board holes by L-2mm, then solder
them carefuIly to the pads. That done,
push the plastic strip down the pins so
that it rests against the solder joints,

Iines only to flnd that they were alÌ
spot on, As a result, my next move was
to order and change the microproces-
sor. It wasn't all that expensive but
unfortunately it made no difference.

I also kept pressing the three "Diag-
nostic Mode" buttons in the hope that
something might happen andbelieve it
or not, my prayers finally worked when
for a very brief moment the Display
dimly showed "PRV", This was the
clue I so desperately needed, but flrst
a buzz word glossary: (1) "PRI" means
Over Current Protection; (2J "PRV"
means Power Voltage Protection; and
(3) "PRD" mea¡s Power Amplifler VoIt-
age.

The one I was now interested in
therefore was the voltage protection
line to pin 91 of microcontrollerlCs0l,
This involves a network of seven or
eight resistors f¡om the power supply
rails, which together bias pin 91 to
1 ,5V. If any of the supply rails or resis-
tors fail, then the 1.5V would change
and the set would turn off, which was
precisely what was happening,

In fact, a quick check showed that
pin 91 was at just 0.8V. To confirm
my hypothesis, I connected a 10kC)
resistor (as a random example) to the
+5V rail and it was enough to raise the
voltage to 1.5V and enable the micro-
controller, In addition, the Diagnostics
mode could now be fuIIy accessed and
it confi¡med aII the above,

So what had caused this? WelI, it
was really simple from now on. All I
had to do was measure all the resis-
tors from the supply rails to pin 91
(the PRV1 line) of the microcontroller,
WelI, of course, it does sound simple
except that physical access is a prob-
lem and that meant major surgery to
get at those resistors,

Eventually, after a lot ofhard yakka,
I found the @#$%^&. It was R230
Ø7kA) which runs from the +25V
rail on the PRV2 line and plugs into
the PRV1 line via C8104 on the PCB
Input 1 Board.

Now that the unit was working,

soundlabs

I found a secondary problem. The
DVD kept defaulting to "Disco Sound
Mode" and there was no Prol-ogic de-
coding. This fault had previously been
masked by the frrst problem but when
I quizzed the client, he was fortunately
only too well aware that it had been an
existing problem, A new board would
cost in excess of g¿00 but he wasn't
prepared to go that far a¡d was happy
enough to use the unit without the
Prol-ogic sound.

A beautiful Philips
Some of the expensive andbeautiful

sets imported by NAPF Electronics di-
rectly from Philips in Europe are now
coming in for repair even though they
are a bit long in the tooth at around 15
years old, One such set was a Philips
32FL2881.175R employing an FL2G
chassis, It would come on with abeau-
tiful picture and sound for around two
minutes a¡rd then cut off,

The diagnostics available on this
set are read out via seven LEDs on
Computer Board W on the SSP (small
signal panel) inside the set, Four of
these LEDs are also in parallel with
the LEDs on the front panel,

When the fault was present, two
of these LEDs would flash. The big
problem for me was trying to work out
whether these LEDs were numbers L

and 2 (ie, LEDs 6053 & 6051) or 6 and
7, as the manual is very confusing,
However, after studying the manual,
I eventually interpreted the LED read-
outs as indicating a 03 error code mes-
sage. That in turn indicated a problem
in the Proscan Box "H, H1",

The Proscan box takes care of a
number of functions, including (as

far as I can determine) Teletext, PIP
a¡d the aspect ratio. However, being
rather cynical about the reliability of
diagnostic systems, I decided to do
some basic tests myself,

First, I momenta¡ily shorted a cath-
ode of the CRT to ground via a 10kC2

resistor and found that there was no
vertical deflection, Then, despite the

difñcult access, I measured the B+ rails
feeding the vertical output timebase
on the G Board,

These were all OK so I checked for
dry joints, first by tapping the board
and then by heating and cooling the
board, However, there seemed to be
nothing wrong with the output stages
on the G Board,

I had put off'checking the Proscan
Module as it was tlre most inacces-
sible board in the set. It has a lot of
metalwork screening, all held in place
by concealed clips. However, I even-
tually managed to remove this board
from the set and then tried running
the set without it. The sound was now
muchbetter and there was a fulI raster,
albeit with a little vertical foldover in
the centre.

By now, I really felt that I was getting
somewhere, so I reconnected the Pros-
can module (H Board) and applied all
the tests I had just done to the G Board,
It made almost no difference until I hit
it with a lot of freezer, whereupon the
picture momentarily returned.

I took the board out and carefully
examined what appeared to be the
heat sensitive area but initially could
find nothing wrong. However, while
resoldering some possible dry joints, I
suddenly detected a fi.sh-like smell and
instantly knew that I had electrolytic
capacitor problems.

In the end, I changed a number
of "fishy" electros, including C2046
(10pF), C2o64 (100¡rFJ and Czo8t
(szllF). However, my money was re-
ally on C2O92, a 47¡tF electro in the
"Watchdog" circuit.

Replacing all four and cleaning the
board restored the picture completely.
Shorting the Service Mode Test Points
526 and 527 on the SSP then brought
up all the error codes since the set
was last used, in this case 08, 03, 04,
26 & 99,

After I switched the set to Standby
and tried again, I was rewarded with
five zeros, meaning that there were no
more elrols. sc

io Component Specialists
. Speaker drivers - trì/eeters to 18' subwoofers - plus kits
. Capacitors, terminals, wire, coils and parts: #;î -Ðfl
. Much more online or phone (O2) 4627€766

www.so u nd la bsgro u p.co m.a u

ffibfsRæMr@ilow@dæ
tr N0. Value 4-Band Code (1%) 5-Band Code (1%)

tr 3 100kO brown black yellow brown brown black black orange brown
tr 1 68kO blue grey orange brown blue grey black red brown
tr 1 47kç¿ yellow violet orange brown yellow violet black red brown
tr 2 4.7kA yellow violet red brown yellow violet black brown brown
tr 4 1kO brown black red brown brown black black brown brown
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OK, why did it go into an uncontrol-
lable howl?

This oscillation had to be caused
by feedback, so I shorted out the (ob-
viously) positive feedback to ground
from the output transformer and the
howling stopped instantly, I then
rewired the output leads so that it cor-
rectly gave negative feedback instead
of positive feedback and that frxed the
problem completely,

The original valve (V2) was faulty
or low emission, How someone had
managed to wire the leads the wrong
way round was a bit of a mystery as

their lengths made it impossible to
do it any other way without extend-
ing them.

This successful repair has meant
that I am now required to repair more
ancient valve equipment from the
same owner, starting with a 2-valve
AM tuner. If only there was decent
money in it!

A sick Sony
We sold a Sony KV-D432M36 CRT

TV to a clientback in 2005. It perform-
ed flawlessly up until a few weeks ago,
when the owner called complaining of
a poor picture,

When I got there, I found that the
picture was washed out. It was as

though there was no luminance, and
yet the OSD menus were all OK and
the PIP (Picture-in-Picture) was also
good. However, you could not swap
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the picture quality over between the
main picture and the PIP.

There were no error codes and all
the B+ levels looked OK, so there

was nothing for it but to take
this extremely heavy set to the
workshop and dustthe cobwebs
off the CRO.
I was mainly interested in

finding out where the main
luminance was disappear-
ing, Tracing the signal path
was extremely difÊcult but I
managed to follow it through
onto digital signal board BH1
from the AVSW, comb filter

and A boards. From there, it
goes via a low-pass filter to a

Helios microprocessor (IC3 301,
cxD3BosAQ),
I soon realised I was out of my

depth and frgured that this Z40-pin
surface mounted IC was not for me to
tackle, Instead, I ordered an expensive
BH1 replacement board (Part No. A-
1.084-427-A) and crossed my fingers
that I had done the right thing.

You can imagine my relief when I
plugged the new one in and was re-
warded with an excellent picture on
all channels.

The freebie LCD TV
Recently, a colleague gave me a

small Toshiba LCD TV (14JLzAJ that
he had given up repairing, with the
intent that I use it for spare parts. It
came without its 19V power supply
and I was told that there was no picture
and only intermittent sound.

Ever the optimist, I thought that
I would give it a go before I started
robbing it for parts, using a regulated
bench power supply which at a stretch
I could crank up to 1BV. You can im-
agine my surprise when I got not only
full sound but an excellent picture as

well, Obviously, I thought, the fault
must be intermittent so I left it on to
soak test but the hours stretched into
days with no sign of any fault,

The next time I saw my friend the
conversation drifted onto this TV He
was dumbfounded when I told him
that it was working perfectly and that
I hadn't done anything to fix it. I then
hassled him for the original power
supply (what are friends for?) which
he eventually found and I took it back

to my workshop,
When I plugged it in, I measured

the output on the DC plug to be spot
on, However, when I connected it to
the Toshiba LCD TV, I saw for the first
time the symptoms my friend had
described. I could also see why it had
"fooled" him. If I had not originally
connected my own power supply, I
would have also said that the fault was
in the TV itself.

Anyway, I noticed that if you lis-
tened carefully to the fuIly enclosed
power supply, you could hear a rus-
tling noise as though a cockroach had
got inside! As a result, I prised open
the glued plastic case and took a look
at the PC board.

I quickly noticed that the solder
joint on D2 had been getting quite
hot and when I measured the FR107
diode, it was short circuit, I had the
usual "kerfuffle" of trying to source a
replacement and eventually settled for
a UF4007, I also replaced C1L, a47¡tF
25V electro which fed the FET,

At switch on, I was delighted to see
that the TV now came on perfectly
with this supply. What's more, the
cockroach had taken his rustle away!

Having frxed it, I decided to keep
this little set as it's really quite nice
- and it needs soak testing! It's just a
shame that I didn't get the stand that
goes with it,

Yamaha Prologic receiver
A Yamaha RX-V596 AV Prologic re-

ceiver was Ieft at reception DOA (dead
on arrival), the customer requesting a
cheap Lazarus job,

My only comment to that request
was that you can have one or the other
but not both. Anyway, the money
eventually talked loud enough for me
to get stuck into it,

Apparently, following a thunder-
storm, the receiver would no longer
switch on. In fact, there were no lights
and no display - it would just click
and then turn off.

This is a complex unit with an
equally complex "Diagnostic Mode"
which, when selected, tricks the mi-
croprocessor and bypasses the protec-
tion circuits, To start this diagnostic
program, you have to hold down the
righthand "Preset /Tuning" and "A/
BICID|E' keys while simultaneously
pressing the "StandbylOn" button,
Submenu 1 will then start.

Unfortunately, none of this was
working, so I checked out all the power

leaving the clean outer ends of all pins
free to take a jumper shunt,

(41, Fit aTx2DIL pin header for the
LCD module connections. This header
is fitted to the top of the PC board in
the usual way.

(5). Install the 11 resistors, seven of
which go under the LCD module, Table
1 shows the resistor colour codes but
you should also check each resistor
using a DMM before soldering it to
the board.

(6), InstaÌl trimpot VR1, followed by
inductor L1 and reed relay RLY1.

(z). Fit the five non-polarised capaci-
tors, followed by the 10pF tantalum,
the two 10pF RB electrolytics and the
22pF RB electrolytic, Note that the tan-
talum capacitor and the electroÌytics
are polarised, so take care with their
orientation.

(B). Install relay RLY1, the 18-pin
socket for IC1 and the 4MHz crystal
X1. Follow these parts with diodes D1
& D2 and regulator REG1.

Note that the regulator's leads are
bent downwards through g0' 6mm
from its body, so that they pass through
the holes in the board, Before soldering
its leads, secure its metal tab to the PC
board using an M3 x 6mm machine
screw and nut.

(9). Secure the LCD module to the
PC board, using four M3 x 12mm
cheesehead Nylon screws and 12 nuts
fthree on each screw). Fig,4 shows the
detaiÌs,

At each mounting point, two plain
nuts act as spacers between the mod-
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ule and the PC board, while a third
nut with an integral washer is fitted
to secure the assembly under the PC
board, Note that when you're fitting
the module to the top of the board, it
shouldbe lowered carefully so that the
holes at the lefthand end slip down
over the pins of ltre 7x2 DIL strip frt-
ted ea¡lier.

(10), Solder the 14 pin connections
on the top of the LCD module using a
fine-pointed iron.

(rr). Plug the programmed PIC-
16F62BA (ICl,) into its socket, then
fit four M3 x 15mm tapped spacers to
the PC board mounting points. Secure
these spacers using M3 x 6mm pan-
head screws.

That completes the board assembly.
It can now be placed to one side while
you work on the case.

Preparing the case
,ts shown in the photos, the PC

board assembly is mounted on the lid
of a standard UB3-size jiffy box,

If you're building the Digital LC
Meter from a kit, the plastic case will
probably be supplied with all holes
drilled and with screen printed letter-

These binders will protect your
copies of SlLlcoN CHte. They
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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
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SPACERS
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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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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!

An ancient valve amplifier
Many people out there are beginning

to realise that a lot of old (and not so
old) technology is fast disappearing
into landfill. In particular, most old
valve equipment has long gone, apart
from that remaining in the hands of a
few enthusiasts.

Occasionally, however, the odd
piece of valve gear does come my way
for repair. For example, I was recently
asked to repair an old Ace Radio (Mar-
rickville) audio amplifi.er from the
early 1960s.

This particular unit had been used
as a PA amplifier at Manly Wharf for
many years, It had then been donated
to Dee Why Surf Club and used until,
one day, it a¡rd its accessories were
swamped by a small tsunami. It was
then sold off cheaply, a little worse for

siliconchip.com.au

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

USING A I{Of IR'NIWIÍH A

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

H.ACE SMD CAPACIÍOR HERE

Adaptor Board Fot Vety Small Gapacitors
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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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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

Items Covered This Month

e Gigabyte GA-7VKML mother-
board

¡ Ace Radio audio amplifier

. SonyKV-DA32M36CRTTV
set

. Yamaha RX-V596 Prologic
receiver

r Philips 32FL28üT5RTV set
(FL2G chassis)
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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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