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Quickly find pc-board shorts
with low-cost tracer technigue

Teno P Cipri, Engineering Expressions Consulting

for production pc boards is shorted

traces. Finding hidden shorts is of-
ten time-consuming and frustrating.
Typical techniques of cutting traces, lift-
ing pads, and “blowing” shorts are, at
best, questionable because they may af-
fect the reliability of the circuit, and the
ever-decreasing geometries and lower
voltage ICs make these practices tricky
and risky. High-end, four-wire DMM:s
(digital multimeters) or ohmmeters,
which can accurately measure the small
resistance values, are expensive
and sometimes not available on a
designer’s bench.

An inexpensive alternative approach
for finding short circuits, using the con-
cepts of four-wire DMMs and ohmme-
ters is simple and requires only the tools
you already have on your bench and a ba-
sic understanding of Ohm’s Law. This ap-
proach uses the principal that all con-
ductors have resistance properties, and a
distinct voltage drop exists between the
various nodes in the shorted circuit. This
approach systematically locates the nodes
with lowest impendence between them
and isolates the fault to two nodes.
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Figure 1

[
| By applying a fixed current to various nodes and looking at the resultant voltage drops, you can

Most digital buses have at least 1£) over
the length of the run, but a trace imped-
ance of only 200 mQ still has a 2-mV
drop with 10-mA current applied. Most
lab-grade handheld DMMs can easily re-
solve to 1 mV. Because you are looking for
relative values, the absolute accuracy of
the instrument isn’t critical. However, the
current must be constant to achieve re-
peatable results, and you must isolate its
current source from the ground of the
circuit under test.

A 1.5V battery in series with a 1.5-k{)
resistor is an adequate current source for
this purpose. The battery provides the
isolation and relatively constant voltage;
select the resistor to source around 10
mA. (For lower impedance traces, such as
power-supply lines, or in situations in
which the DMM lacks millivolt resolu-
tion, use a higher current.) An optional
clamping diode, with a cathode connect-
ed to the battery’s negative terminal and
an anode connected to the resistor’s free
end, provides protection for low-voltage
logic circuits. If you use the diode, you
may also need to add a power switch to

| home in on the likely location of a pc-board short circuit.

keep the battery from depleting when the
circuit is not in use.

A node can be any accessible part of the
circuit path under test, such as a via, a
pad, or a test point (Figure 1), Note the
current path: When current is flowing be-
tween two nodes, a minute voltage drop
occurs across the two nodes. When the
current doesn’t flow between two nodes,
there is no voltage drop across those
nodes.

To find the short in this example, put
one DMM probe on any node on Trace
A and the other on any node on Trace B,
and note the voltage drop. In this exam-
ple, if you had started with the positive
probe on Node 1 and the negative probe
on Node 5 and moved the negative probe
to Node 6, you would note a slight volt-
age drop. Next, you move the probe to
Node 7 and note that the voltage drop is
equivalent to the voltage drop at Node 6.
From this test, you can deduce that the
short must exist between nodes 5 and 6
because no current flows from Node 6 to
Node 7. Then, move the positive probe to
Node 2 and note a small voltage drop.
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Continue down the line to Node

3 and note another small drop. Honeh) ]
Next, probe Node 4 and note
there is no voltage 5
drop. You can now Figure 2
deduce that the short must be be- ‘
tween nodes 2 and 3 and nodes |
5and 6.
Redrawing Figure 1 with the [mooer] [wopEz] [wooes] [Nooeé]

equivalent circuit in Figure 2
makes clear how this technique
works. You are now looking at a
simple series network of resistors
and looking for voltage drops across any
resistor that has current flowing through
it. When a node is outside the current
path, no voltage drop occurs. By under-
standing the relationship of each of the
vias and their position in the current
path, you can systematically isolate the
short by looking for lower voltage (cur-
rent flowing) or higher voltage (current

source is connected to any node on
Trace A and the other side of the
current source is connected to any
node on Trace B.

In this example, the short is be-
tween two node pairs, and you can
isolate the short only to those
pairs. A little knowledge of the

board layout and common sense

The equivalent circuit of the pe-board layout shows the principal
of the source-and-probe technique.

not flowing). When current is flowing,
the short is farther from the current
source. If no current is flowing, then the
short is closer to the current source. This
two-valued logic makes it simple to iso-
late the problem. The beauty of this tech-
nique is that it doesn’t matter to which
two nodes the current source is connect-
ed, as long as one side of the current

now come into play. You need to
know only where the two traces
are adjacent between nodes 5 and
6 and nodes 2 and 3, and you have
found the most likely place for the short.
If it is underneath a component, you have
to remove the component; removing the
component often removes the short. If
the short is on an internal layer, you may
have to do some selective cutting and
jumping to isolate the short from the
traces, but at least you minimize the
number of cuts on the board.0

Read isolated digital signals without power drain

Alfredo H Saab and Joseph Neubauer, Maxim Integrated Products Inc, Sunnyvale, CA

signers a straightforward method of

establishing galvanic isolation be-
tween circuits that operate at different
ground potentials, they do not provide an
ideal approach. An optocoupler draws
power from the isolated circuit, switches
relatively slowly, and loses current-trans-
fer ratio as its light emitter ages.

The circuit in Figure 1 overcomes
these limitations by replicating a digital
signal’s state, drawing no power from the
isolated input, and consuming only
modest power on the nonisolated side.
As Figure 2 shows, the circuit imposes
only a 20-nsec input-to-output delay
from the positive edge of SENSE_CLK to
DATA_OUT.

MOSEFET transistor Q, oper-
ates in either of two states—high resist-
ance between source and drain (R, ..)»
or low resistance (Rnseom) when a control
signal drives Q, into conduction. When
conducting, Q, imposes a low resistance
across T ’s secondary winding, W,. The
remainder of the circuit senses the state
of T ’s secondary resistance. Resistor R ,
capacitor C , and the complementary in-

ALTHOUGH opTOCOUPLERS offer de-
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You can use a simple ferrite-bead transformer to isolate logic-level signals.

puts of MOSFET-driver IC, differentiate
the SENSE_CLK signal’s positive-going
input edge, producing a positive-going
5V pulse at IC s output and driving one

end of winding W . Figure 2 shows the
relationship among the circuit’s signals.

Connected in series-aiding mode, the
two primary windings W and W, of T,




