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METHOD AND APPARATUS FOR NON-CONTACT
OPENS/SHORTS TESTING OF. ELECTRICAL
CIRCUITS

This invention relates to a method and apparatus for
testing electrical conductor continuity and isolation (i.e.
shorts and opens) in circuit boards, such as printed
wiring boards, printed circuits, and the like. It relates
more particularly to a test cell for contactless testing for
opens and shorts using a laser-induced plasma.

BACKGROUND OF THE INVENTION

The usual printed wiring boards, ceramic substrates,
printed circuits and the like include a multiplicity of
conductive paths or lines of etch which are connected
selectively and which lie in relatively complex patterns
on a non-conductive rigid or flexible substrate. Prior to
connecting the various IC chips, resistors, capacitors,
etc. to the circuit, it is desirable to test the various elec-
trical conductors cf the circuit so that circuit faults such
as opens and shorts can be discovered and corrected
before those circuit components are added to the board
or circuit.

It has long been the practice to test such circuits by
placing the circuit in a fixture and bringing “bed of
nails” test probes into contact with the various circuit
conductors or lines of etch. Once in contact, the conti-
nuity between various probes is measured using well
known electrical instrumentation. However, as the wir-
ing densities of such circuits has increased over the
years, the conductor widths and pad sizes have de-
creased commensurately. Resultantly, it has become
more and more difficult to use such mechanical testing
means because of the need for finer and finer probes and
more accurate motion systems for positioning the
probes relative to the circuit being tested. In addition,
there is a greater propensity for damaging finer conduc-
tors and probes during the test.

To mneet these more stringent testing requirements,
various techniques have been developed to reduce or
eliminate entirely physical contact with the printed
circuits during the performing of such tests. One known
technique uses an electron beam. One end of a conduc-
tor in the circuit is bombarded with an electron beam
and brought to a predetermined potential by secondary
electron emission so that between the two ends of the
conductor, there is a potential difference resulting in
current flow along the conductor provided there is no
break in the conductor. The prior art is repleat with
testing systems using this principal which provide clear
discrimination between uninterrupted and interrupted
conductors as well as detection of shorted conductors in
printed wiring boards, printed circuits, VLSI packaging
substrates and other microcircuitry. However, contact-
less testing using an electron beam does have some
disadvantages. Some such systems require individually
controlled electron beams which must simultaneously
address both ends of the conductor under test. Some
electron beam test systems require relatively complex

masks which make difficult the loading and unloading
" of specimens.

There is also a known non-contact method of testing
electrical conductors in which a single mechanical
probe stimulates a conductor of a circuit placed in a low
pressure inert atmosphere. This stimulation causes the
conductor and all the lines and runs connected electri-
cally to that conductor to glow. This glow is then ob-

—

5

35

40

45

50

60

65

2

served using a scanning photometer. In this way, an
entire network can be checked with the use of a single
mechanical probe thereby minimizing the contact be-
tween the probe and the circuit under test. This prior
testing technique is disadvantaged in that it does require
at least some physical contact between the test instru-
ment and the circuit under test.

There is also a known fault testing technique using a
laser for achieving an electrical connection between a
probe and a circuit under test without there being any
physical contact between the probe and the circuit
conductors. In this arrangement, a laser produces a
plasma that electrically connects the probe positioned
above the circuit under test to the underlying circuit
conductor. However, a mechanical connection is still
needed to electrically connect the plasma “probe” to
the necessary instrumentation to determine whether or
not there is a circuit fault.

SUMMARY OF THE INVENTION

Bearing in mind the difficiencies of the prior art as
described above, the present invention relates to im-
proved method and apparatus for non-contact testing
for open circuits and short circuits in circuit boards,
such as printed circuits, wiring boards, ceramic sub-
strates, electrical networks and the like. The apparatus
can be implemented as a fully automated testing system
Which can detect opens and shorts in 2 minimum
amount of time. Indeed, it can test an entire electrical
network in “one shot” thereby maximizing tester effi-
ciency. Still, the apparatus minimizes the likelihood of
damage to the circuit under test due to physical contact.

The invention accordingly comprises the several
steps and-the relation of one or more of such steps with
respect to each of the others and the apparatus embody-
ing the features of construction, combination of ele-
ments and arrangement of parts which will be exempli-
fied in the following detailed description, and the scope
of the invention will be indicated in the claims.

Briefly, in accordance with this invention, the circuit
board or circuit to be tested is positioned in an inert gas
atmosphere between a pair of electrodes extending gen-
erally parallel to the plane of the circuit. The electrode
opposite the circuit conductors is transparent to light
from a pulsed laser positioned opposite the transparent
electrode. The actial testing of the circuit may be per-
formed in two phases, namely, a charge phase and a
discharge phase. During charging, a potential differ-
ence of a few volts may be established between the
electrodes, with the transparent electrode carrying the
negative charge. Then the laser is preferably pulsed
briefly with the laser beam coming into focus between
the transparent electrode and a selected spot on the
circuit conductor or line of etch to be tested. The gas at
the focus of the beam ionizes as a result of multiphoton
absorption and, desirably also, a cascade effect. Resul-
tantly, a plasma form at the focus, and under the influ-
ence of the applied electric field, diffuses to electrically
connect the transparent electrode and the selected spot
on the circuit conductor. A current then flows briefly to
the conductor thus imparting an electric charge to all
conductor runs connected electrically to the conductor
spot imaged by the laser. Conductor portions that do
not have continuity with that spot will not be so
charged. This plasma may persist for a few microsec-
onds after cessation of the laser pulse.

As soon as the laser pulse has ended, the apparatus
may be switched to its discharge phase. For this, the
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polarity of the voltage applied to the electrodes is re-
versed and the voltage increased to the breakdown
voltage of the inert gas surrounding the circuit under
test. This voltage depends on the particular gas and may
range from, say, 100 to 500 volts. Once the breakdown
voltage is reached, a discharge plasma forimns along the
previously charged portions or runs of the conductor as
a resuit of electrons jumping from the charged portions
of the conductor and exciting the inert gas above those
portions. Resultantly, all of the conductor runs of the
circuit connected electrically to the conductor spot that
was imaged by the laser beam emit light or glow due to
electroluminescence. Thus, by observing which circuit
conductor runs emit light, one can determine whether
or not those runs are connected electrically to the con-
ductor spot exposed to the laser beam.

The discharge glow can be detected automatically by
a camera, photometer or other conventional light de-
tecting device. Also, selected points on the circuit can
be sampled using a scanning photometer, for example,
to determine whether or not those points emit light.
These test results can then be compared to a reference
sample representing the desired continuity condition for
that circuit. If there is a match, then the circuit may be
deemed to have passed the test. If there is no match, the
circuit can be said to have failed the test. The particular
point or points where the mismatch occurs indicates the
location and type of failure, i.e. an open circuit or short
circuit.

If as is usually the case, a particular circuit board
contains several independent or isolated circuit paths or
runs, then each individual path or run may be charged
and discharged as described above to fully test the cir-
cuit.

Thus, the present apparatus performs basic opens/-
shorts testing in a manner that requires no physical
contact with the circuit under test thereby substantially
minimizing or eliminating entirely circuit damage due
to the test. Also, since the instrumentation used to ob-
serve the discharge glow can be arranged to simulta-
neously observe many points along or near the conduc-
tor or line of etch to be tested, an entire network can be
tested on a “one shot” basis. This substantially increases
testing speed since much of the testing time is taken up
to locate and change a conductor or line of etch. Ac-
cordingly, this non-contact testing technique should
find wide application wherever it is necessary to test the
conductor paths of circuit boards, such as printed cir-
cuits, printed wiring boards, ceramic substrates, and the
like for opens and shorts.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a diagrammatic view with parts broken
away showing apparatus for non-contact testing ac-
cording to this invention;

FIGS. 2A and 2B are sectional views taken along line
2—2 of FIG. 1 illustrating the operation of the appara-
tus; and

FIGS. 3A and 3B are diagrammatic views that help
to explain the operation of the FIG. 1 apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1 of the drawings, the test appara-
tus, shown generally at 10, includes a fluid-tight cham-
ber 12 for housing a circuit board or circuit 14 to be
tested. Chamber 12 is positioned directly opposite the
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working end of a laser 18 which inay be supported by a
suitable XY positioning device 19 so that the laser can
direct a coherent beam of light L to selected points or
spots P on the conductors or lines of etch 14a of the
printed circuit 14 in chamber 12.

Also positioned opposite chamber 12 is a light detec-
tor 22 which may be a photometer, CCD or videcon
camera, image dissection tube or the like, which is able
to detect light emanating from the circuit 14 under test.
Preferably, the detector 22 is also mounted to an XY
positioning device 23 so that it can be moved relative to
chamber 12 and the printed circuit therein.

Chamber 12 includes an electrically conductive bot-
tom wall 26, which functions as an electrode, four non-
conductive side walls 28 and a top wall or cover 32
which can be removed to gain access to the interior of
the chamber for positioning a circuit board or circuit 14
therein. In the illustrated chamber embodiment, cover
32 is hinged as at 34 to a side wall 28 so that the cover
can be swung between open and closed positions. Ap-
propriate seals or gaskets 36 may be provided all around
the tops of side walls 28 so that when the cover 32 is in
its closed position, a hermetic seal is provided between
the cover and side walls 28. Also, a handle/latch 42 may
be mounted to the top of cover 32 which can engage a
detent 42a on the underlying side wall 28 to facilitate
lifting the cover and locking the cover in its closed and
sealed position.

Still referring to FIG. 1, the circuit 14 may be sup-
ported within cell 12 by ledges or brackets 44 project-
ing inwardly from the cell side walls 28 so that the
circuit is supported in an image plane that is parallel to
the bottom wall 26 and also paraliel to the cover 32
when that cover is in its closed position. Suitable spring-
loaded latches 45 may be positioned around the ledges
to releasably lock the circuit in place.

In accordance with this invention, the cell top wall or
cover 32 is electrically conductive as well as transpar-
ent to the light emanating from laser 18. More particu-
larly, that cover may include a rigid transparent glass
layer 32a¢ whose underside or inner surface is covered
by a transparent, electrically conductive film or coating
32b of gold or other inert metal which functions as an
electrode. Preferably also, an antireflective coating 32¢
is applied to the upper or outer surface of cover 32. As
an alternative, a fine wire grid could also be used as the
transparent electrode.

In order to purge and fill chamber 12 with an inert

- gas, a pair of pipes 56 and 58 extend through the right-

hand side wall 28 preferably at diagonally opposite
corners thereof. Pipe 56 may be connected by way of a
controllable valve 76 to a source of inert gas such as
argon or neon, for example. The other pipe 58 leads to
a negative pressure source so that the chamber can be
purged of air and gas. Preferably, a pressure sensor 62 is
provided inside chamber 12 for sensing the gas pressure
inside the chamber and developing a corresponding
electrical signal.

As seen in FIG. 1, the bottom wall electrode 26 and
the top electrode 32b may be connected electrically by
way of a two-way switch 72 to a source 74 of dc poten-
tial.

The operation of laser 18, light detector 22, switch 72
and valve 76 may be controlled by a controller 82
which also controls the positioning devices 19 and 23
which position laser 18 and detector 22. The controller
may also monitor the output of the pressure sensor 62
and control valve 76 in accordance therewith to main-
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tain a selected inert gas pressure inside the chamber 12
during each test. The results of each test may be dis-
played of a monitor 84.

To test the printed circuit 14 for opens and shorts, the
circuit may be placed in chamber 12 and positioned on
the supporting ledges 44 inside the chamber. After the
chamber cover 32 is closed and the handle/latch 42
moved to its locked position to seal the circuit inside the
chamber, controller 82 may be activated to initiate the
test. First, the controller opens the valve 76 and acti-
vates the vacuum source (not shown) at pipe 58 so that
the chamber 12 is purged of air and filled with an inert
gas, e.g. argon at a selected relatively low pressure, e.g.

100 Torrs. The controiler 82 samples the outputs of the

pressure sensor 62 inside chamber 12 and controllable
valve 76 as needed to maintain the desired internal pres-
sure.

The actual testing of the circuit 14 may be performed
by apparatus 10 in two phases, namely, a charge phase
and a discharge phase. Referring to FIGS. 2A and 3A,
first controller 82 positions laser 18 so that its beam of
light can image a selected spot or point on a conductor
144 of circuit 14, e.g. spot P in FIG. 1. Then the control-
ler controls switch 72 so as to apply a small potential
difference, typically in the range of 1 to 5 volts, e.g. 2
volts, between the electrodes 26 and 325, with electrode
32b carrying the negative charge as shown in FIG. 3A.
Next, controller 82 activates laser 18 so that the laser
emits a pulse of coherent light L, with the light beam
being brought to a focus at a focal point FP inside cell
12 between the upper electrode 325 and the conductor
144 at spot P. The inert gas at the focus of the beam
ionizes as a result of multiphoton absorption and, de-
pending upon the gas pressure in chamber 12, a cascad-
ing effect. As a result, a plasma forms quickly at the
focal point FP and, under the influence of the applied
electric field, diffuses to form a plasma “tube” T that
electrically connects the conductor spot P and the elec-
trode 32b. Upon formation of the tube T, a current
flows briefly to the conductor spot P thus imparting an
electric charge to that spot and to all of the conductor
portions or runs having electrical continuity with that
spot on the conductor 14a. On the other hand, conduc-
tor runs separated from spot P by a break or crack B
receive no charge. One such isolated run is shown in
FIG. 2A to the left of break B in a conductor 14a.

A few microseconds after the laser pulse has ended,
the plasma tube dissipates and the conductor charging
ceases. The energy per laser pulse required for plasma
formation is dependent upon the gas used in chamber
12, the pressure of that gas, the wavelength of the light
emitted from laser 18 and the cross section of the laser
beam at the focal point FP. As an example, a laser oper-
ating at a wavelength of one micron with a pulse length
of twenty nanoseconds and a laser beam focal spot 5
mils in diameter in an argon atmosphere at 100 Torrs
requires an energy of about one joule per pulse per
plasma formation.

After the circuit conductor 14 has been charged at
point P as aforesaid, the apparatus 10 may be switched
immediately to its discharge mode of operation. More
particularly, controller 82 may switch switch 72 so that
a relatively high voitage of the opposite polarity is
applied to electrodes 26 and 32b. As shown in FIG. 3B,
this voltage should exceed the breakdown voltage of
the gas in chamber 12, e.g. 200 volts for argon gas, and
have a shaped waveform to control the discharge from
conductor 14a. Once the break-down voltage of the
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chamber gas is reached, electrons are emitted from the
previously charged conductor 14a as shown by the
small vertical arrows in FIG. 2B. These electrons excite
the gas around the charged conductor creating glowing
discharge plasma G, shown in FIG. 2B, along all of the
runs and branches of the conductor 144 that were previ-
ously charged and therefore connected electrically, by
desire or due to shorts, to the conductor spot P imaged
by the laser beam during the charge phase of the test.
On the

other hand, those runs or portions of the conductor
144 that did not have electrical continuity with conduc-
tor spot P because of a break or crack B and therefore
were not so charged are not “tagged” or identified by
the glowing plasma discharge G. One such non-glow-
ing conductor run is shown in FIG. 2B to the left of
break B.

Simultaneous with the application of the high voltage
field, controller 82 may control detector 22 so that the
detector scans the circuit and samples the light emanat-
ing from selected points on the circuit to produce an
electronic “map” which indicates which of the sampled
points glow and which do not. This information can
then be compared with a reference map stored in the
detector or in the controlier 82 to identify the sites of
unwanted open circuits and/or short circuits in the
circuit 14. The test results can then be displayed in any
desirable format on the monitor 84. Instrumentation for
accomplishing this is disclosed, for example, in U.S. Pat.
No. 4,507,605.

Instead of scanning circuit board 14 to find faults, a
camera may be used to take a snapshot of circuit board
14 from above or, in some cases, an operator can find a
fault on the board simply by observing which segments
of the circuit glow and which do not.

It will be seen from the foregoing that apparatus 10
enables the testing for opens and shorts of printed wir-
ing boards, printed circuits and the like in a manner that
requires no physical contact with the board or circuit
and which, therefore, minimizes or substantiallY elimi-
nates the potential for damage to those circuits due to
the tests. In addition, the detector 22 and associated
instrumentation can be arranged to observe many points
along or near the conductor or line of etch being tested.
Accordingly, an entire network can be tested all at once
thereby miinimizing test set up time and maximizing
tester efficiency.

Certain changes may be made in carrying out the
above method and in the construction set forth without
departing from the scope of the invention. For example,
for two-sided testing applications, the chamber 12 bot-
tom wall 26, instead of being a metal plate, can be made
identical to the top wall or cover 32 and an additional
laser and detector can be mounted in relation to bottom
wall 26 in the same manner that laser 18 and detector 22
are mounted in relation to top wall 32. Further, the
power plane of circuit 14 under test may be utilized as
an electrode. Therefore, it is intended that all matter
contained in the above description or shown in the
accompanying drawings shall be interpreted as illustra-
tive and not in a limiting sense. ‘

It should also be understood that the following claims
are intended to cover all of the generic and specific
features of the invention herein described.

I claim:

1. A method of non-contact testing a circuit having
one or more conductors for unwanted shorts and opens,
said method comprising the steps of
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positioning the circuit between a pair of electrodes in
a chamber filled with a selected gas, the circuit
conductors facing one of the electrodes;
charging the circuit by applying a selected voltage to
the electrodes to produce an electric field extend-
ing generally perpendicular to the circuit, the volt-
age polarity being such that said one electrode
carries a negative electric charge, and subjecting
the circuit to a pulsed laser beam brought to a focus
between said one electrode and a selected spot on a
circuit conductor so as to ionize the chamber gas at
the beam focus to form a plasma which, under the
applied field in the chamber, diffuses and creates a
conductive path extending between said conductor
spot and said one elecirode so that an electric
charge is imparted to said spot and other circuit
conductor runs having electrical continuity with
said spot;
discharging the circuit by reversing the polarity of
the applied voltage and increasing the voltage mag-
nitude substantially to the breakdown voltage of
the chamber gas thereby forming a glowing dis-
charge plasma in the chamber gas opposite the
charged portions of the circuit conductors; and
observing the circuit to determine which portions of
the conductors are glowing and thus have electri-
cal continuity with the selected conductor spot and
which portions are not.
2. The method of testing defined in claim 1 wherein
the a circuit is observed by scanning the circuit and
sampling points on and near the conductors to
develop a test profile for the circuit; and
comparing the test profile with a reference profile to
determine whether or not the circuit passes the test.
3. A method of non-contact testing a circuit board
having one or more conductors for unwanted shorts
end opens, said method comprising the steps of:
positioning the circuit board between a pair of elec-
trodes in a chamber filled with a selected gas with
the circuit conductors facing one of the electrodes;
charging the circuit board by applying a selected
voltage to the electrodes to produce an electric
field extending generally perpendicular to the cir-
cuit board, the voltage polarity being such that said
one electrode carries the negative electrical
charge, and subjecting the cireuit board to a pulsed
laser beam brought to a focus between said one
electrode and a selected spot on a conductor of the
circuit board so as to ionize the chamber gas at the
beam focus to form a plasma so that an electric
charge is imparted to said spot and other circuit
conductor portions having electrical continuity
with that spot;
discharging the circuit board by reversing the polar-
ity of the applied voltage and increasing the volt-
age magnitude substantially to the breakdown volt-
age of the chamber gas so as to form a glowing
discharge plasma in the chamber gas opposite the
charged portions of the circuit conductors; and
observing the circuit board to determine which por-
tions of its conductors are glowing and therefore
have electrical continuity with the selected con-
ductor spot and which portions are not.
4. The method of testing defined in claim 3 wherein
the chamber is filled with an inert gas.
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5. The method of testing defined in claim 4 wherein
the inert gas is argon.

6. The method of testing defined in claim 3 and in-
cluding the additional step of controlling the pressure of
the chamber gas so that it is maintained at a selected
relatively low pressure.

7. The method of testing defined in claim 3 wherein
during the charging step-a voltage of 1 to 5 volts is
applied to the electrodes.

8. The method of testing defined in claim 3 wherein
during the discharge step, a voltage of 100 to 500 volts
is applied to the electrodes.

9. Apparatus for non-contact testing a circuit having
one or more conductors for unwanted shorts and opens,
said apparatus comprising

a chamber for housing the circuit;

means for filling the chamber with an inert gas;

a pair of planar electrodes positioned in said chamber,
said electrodes being spaced parallel to one an-
other;

means for positioning a circuit in said chamber at an
imaging plane between and substantially parallel to
said electrodes;

means for applying a selected voltage to the elec-
trodes to produce an electric field extending gener-
ally perpendicular to said imaging plane, the volt-
age polarity being such that one electrode opposite
the circuit conductors carries the negative electric
charge;

a laser whose beam is brought to a focus between said
one electrode and a selected spot on a conductor of
a circuit in said imaging plane so as to ionize the
chamber gas at the beam focus to form a plasma
which conducts electric charge to said selected
conductor spot and other circuit conductor por-
tions in continuity with said spot;

means for reversing the polarity of the applied volt-
age and increasing the voltage magnitude substan-
tially to the breakdown voltage of the chamber gas
thereby to form a glowing discharge plasma in the
chamber gas opposite the charged portions of the
conductors of the circuit in said imaging plane; and

means for observing a circuit in said imaging plane to
determine which portions of its conductors are
glowing and thus in electrical continuity with said
selected conductor spot and which portions are
not.

10. The apparatus defined in claim 9 wherein

said one electrode and the wall of said chamnber oppo-
site said one electrode are transparent to the light
emitted by said laser; and

said laser is positioned outside said chamber and im-
ages a circuit in said plane through said one elec-
trode.

11. The apparatus defined in claim 9 and further in-
cluding means for controlling the pressure of the gas
inside said chamber.

12. The apparatus defined in claim 11 wherein the
pressure controlling means includes a pressure sensor
positioned inside said chamber.

13. The apparatus defined in claim 9 wherein said
laser is a pulsed laser.

14. The apparatus defined in claim 9 wherein said
observing means comprise a light detector selected
from the group consisting of photometer, CCD camera

and image dissection tube.
* * * * *



