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SBAGKUROUND OF THE INVENTION

A. Field of the Invention

~ The present invention concerns the testing of electronic-
circuit boards and, in particular, the detection of open
circuits between integrated circuits (IC’s) and the board
traces to which they should be comnected.

Testing for proper functioning of electronic-circuit
boards has now been performed automatically for decades, and
for most of that time various test technigues have been used to
detect open circuits between component pins and the board
tracks to which they should be soldered or otherwise
electrically connected. For much of the history of board
testing, however, such open circuits have been a relatively
minor concern. They occurred relatively infrequently, so
manual probing to diagnose them was acceptable in most
situations. _ .

We refer here to "manual" probing because most high-
volume tests are performed in a more-automatic manner.
Typically, the board is placed in a "bed of nails" fixture, in
which a large number of spring probes, or ”hails,"
simultanecusly contact respective nodes on the bottom of the
board to be tested, and a user does not have to position those
probes manually. Various automatic éwitching mechanisms in an
automatic circuit tester then connect the nails to various
driving and sensing circuitry, causing stimuli to be applied to
the board and its responses to be recorded. '

In the past, this approach was not typically uqed to
detect open pins because the nails typically contact the
*hottom,"” or non-component side, of the usual, "one-sided"”
circuit board, while the most-straightforward way of testing
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20 We refer here to "manual" probing because nost high-

volunme tests are perforned in a nore-autonatic nmanner. Typi cal |y, t he
beard is placed in a "bed of nails" fixture, in whi ch a | arge nunber
of sErlgg probes, or "nailsb" . si mul t aneously contact respective nodes
on the bottom oard to be tested, and a user doe to
position those%wuézlrsobes manual | y. Various automatic sw tcﬁ?ﬂgé%nw
nmechani sms in an automatic circuit tester then connect the nails to
vari ous driving and sensing circuitry, «@ausing stimuli to be applied
to the board and its responses to be recorded. 30 In the
past, this approach was not typically used to detect open pins
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' board. Tester manufacturers therefore began to put some effort

10 recently into providing more-automatic means of testing for
open component pins. Obviously, the best approach would be one
that can be performed through the bed of nails exclusively,
without the additional fixturing complexity that affording
physical access to the board’s component side necessitates.

15 Automatic-type access to the component side of the board
typically necessitates the use of so-called clamshell fixtures,
which employ two arrays of probes, one for each face of the
circuit board. Such an arrangement exacts penalties in fixture
cost and throughput, and it is a large part of the reason why

. 20 manufacturers have traditionally favored one-sided boards: they
could be tested without clamshell fixtures.

Efforts at developing open-pin tests therefore initially
concentrated on approaches that required only a single, bed-of-
nails probe array, and some approaches have been developed that

25 can detect open pins in a wide range of situations without
resorting to clamshell fixtures. But there are certain limited
test situations that thus far have not proved amenable to one-
sided open-circuit testing. These are usually situations in
which the tester’s instrument complement is rather limited

30 - and/or the board employs components, such as custom ASICs, for
which adequate diagnostic information is not available.
Because an early solution to the problem of finding one-sided
tests for open circuits in these situations began to appear
unlikely, tester manufacturers eventually concluded that they

35 needed to provide tests that resort to clamshell fixtures.

- Probing considerations on the component side of the board



regi ster the pin accurately with its proper |ocation on the board.
Tester manufacturers therefore began to put sone effort 10 recently‘into
provi di ng nore-automati c neans of testing for open conponent pins.
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on the conpemmidctibficbétwddit thedpdn and the integrated circuit is often
provided by a lead frame. The lead frame provides a conductive
15 surface that can capacitively couple the pin signal to a
capacitive probe in the form of a conductive plate placed
adjacent to the component packége's upper surface.
Now, to determine whether the connection is made
properly, the capacitive open-circuit-testing technique
20 essentialiy measures the series capacitance in the path from
the board track through the pin and the lead frame .to the
capacitive probe. If there is a connection between the track
and the pin, that capacitance consists essentially of the
capacitance between the capacitive probe and the lead-frame leg
25 connected to the pin being tested. But an improper comnection
interposes a further, much smaller capacitance between the
component pin and the track to which it should be connected.
This results in a very low series capacitance and thus a very
‘high impedance, which greatly attenuates the signal' coupled
30 from the path to the probe. This absence of a significant
signal can therefore be taken as an indication of an open pin.
As noted above, the various capacitive sensing
arrangements reqﬁire the use of a test fixture that provides
access- to both the top and the bottom of the circuit board. On
3s the other hand, for all tests other than tests for pin-to-
circuit board continuity, access to only the bottom of the
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- 3- differ fromthose that prevail on the non-conponent side. As a
probe target, for instance, :a conponent pin is nmuch nore fraglle and
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these leads for open-circuit detection. Additionally it is now

15 proposed to mount IC chips directly to the circuit boards, i.e.
without the use of lead frames in the IC packages. This "chip-
on-board" arrangement largely eliminates the required
capacitive coupling between the leads and an overlying
capacitive probe, again rendering ineffective the use of a

20 capacitive probe in the detection of open circuits.

Another approach that has been proposed makes use of the

fact that most pins of IC’s are connected to diodes in the
IC’'s. These diodes may be, for example, over-voltage
protection diodes, junctions of bi-polar transistors, source-

25 to-substrate junctions and the like. A pair of pins is
selected in which there is an internal DC path between the IC
diodes connected to those pins. A varying bias 'is applied to
the trace nominally connected to one of the pins and variations
in the current at the trace connected to the other pin are

30 observed. If the variations exceed a threshold level, both
pins are assumed to be connected to the respective traces.
Unfortunately, most pins of IC’s are usually connected to pins
of other IC’s on the same circuit board. The foregoing test
results in currents in those other pins and this markedly

35  reduces the reliability of the tests.

Accordingly, it is an object of the invention to:provide



hi gh i npedance, which greatly attenuates the signal coupled 30 fromthe

path to the probe. This absence of a significant signal can N
therefore be taken as an indication of an open pin. As not ed R
above, the various capacitive sensing arrangenents require the use

of a test fixture that provides ' access to both the top and the
bottom of t NMO¥MWZi t board. On 35 the other hand, for pfjusbgaiks ot her
than tests for pin-to- circuit board continuity, access to only the
bottom of the WO 97/011025

PCT/ US96/ 11652 - -4-
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containing internal ground planes.

10 : . A further object of the invention is to provide an open
circuit detection system that is effective with 1ntegrated
circuit packages that do not contaxn lead frames.

15 ' DESCRIPTION OF THE INVENTION

A. Brief £ the Invention
The invention makes use of internal a-c paths between
pairs of pins of an IC. These paths include not only the DC
20 paths but also other paths, for example, paths involving
capacitive coupling. Thus, if an a-c signal is applied to a
- eircuit board trace to which a pin of the subject IC should be
connected and an output signal of the same frequency and above
a threshold level, appears at a trace that is nominally
25 connected to a second pin, one can infer that both pins are
.connected to the respective traces. - - '

A similar approach makes use of the fact that a diode
biased into the nonlinear portion of its characteristic can
operate as a mixer and thus generate sum and difference

30 ~ frequencies when two input signals of different frequency are
applied to it. Accordingly, if two input signéls of different
frequency are applied to circuit board traces to which pins of
the subject IC should be connected and an output signal at the
difference frequency, for example, and above a threshold level,

35 appears on a trace to which a third pin should be connected,
one can infer that all three pins are connected to the



these | eads for open-circuit detection. Additionally it is now 15
proposed to nount I C chips directly to the circuit boards, i.e.
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-5- 10 connections of an IC to the circuit board, we undertake a
*learn mode” procedure in which a first set of readings is made
on.an IC that is known to be properly connected to the circuit
board and a second set of readings involving both pins on the
~subject IC and pins on other IC’s on the same board. The

15 . second set of readings elicits response s;gnals from the other
IC’s on the board and those signals are used in selecting pin
combinations for tests and also in setting thresholds for the
tests. Specifically the thresholds for the various output
signals are set between the learn-mode readings obtained using

20 only pins on the subject IC and those obtained involving pins
on other IC's. During the subsequent test routines, signal
strengths above the thresholds indicate proper connections of
the pins to the circuit board traces, and, conversely, levels
‘below the thresholds indicate failed connections.

25 I have found that the output voltage is decreased
substantially when there are open circuits between the pins
involved in a test and the circuit board traces to which they
are nominally connected, even with the alternate current paths
provided by other IC’s on the same circuit board. This

30 provides a high degree of reliability in the test results,
which distinguishes it from the prior proposed use of DC
current paths.

B. Brieg'Desc;igtion of the Drawings
as
For a fuller understanding of the nature of the



an inproved systemfor detection of open circuits in the connecti ons
between integrated circuits and the traces on the circuit boards to .
whi ch they are nount ed. A nore specific object is to provide ,
an open-circuit 5 detecti on system which can be used with a test
fixture that accesses the circuit boards fromonly one: side.

Anot her obj g¢d ofd1igzne i nvention is to provide an open- circuit
detection systemthat is effective with chips conté‘ﬂﬂﬁﬁﬂw r nal
ground pl anes. 10 A further object of the invention is to provide an open
circuit detection systemthat is effectlvEVVMth I nt egr at ed circuit
packages that do not contaln | ead franes. '
DESCRI PTI ON OF THE | NVE of ,the_lnvention

The inventi 8,58 ﬁe%ﬁ Shopld, ﬁg g%‘h P M@?‘rlwmg dof pins
of an I C. Temsripiibs takemdin memnegtioneifiC the accpmpasytmq drtasvingsher

pat hs, for jgx3Milehs Paths involving capacitive coupling. Thus, if an
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subj ect 1C shoul ?I _ Wda ERiH PO ted’élo
frequency am!!momt tests sthehboaxd| dn| mrdaiqgoeuﬂShaOna cmlmda.nldnat is
nom nal |y Z5¢ theCanveateon} 0 a second pin, one can infer t hat both pins are
connected to the spective trace A simlar r oach kes
use of the fact Fﬁ:gt‘ g o o) ot %iﬁl diagram f @ &eRenfi ?@%‘P‘P %I it

char act er i &shiec imyention. operate as a mxer and thus generate sun1and

difference 30 . frequenC|es when two |nput S|gnals of different frequency
are éﬁpﬂLleo £q kL ﬁ; ) \ ‘ncut S|gnals of different
freqgtfency atve “FrTres o =% whi ch pins of t he

subj ect | C shoul &ige éoﬂﬂm@ aaﬁdrsniﬁubmd smgnal partioe of which is

di ff er ence dhcual dnC¥hel @fawiwgP| & pladablEy of 101sGSBAEE A€ \VElose
~ indicated at 12, 14 and 16, are mounted on the circuit board
and these IC’s are connected to each other and to other

15 components aod/or_connectors (not shown) by circuit board

| traces such as those indicated at 18,,,.. More specifically
the ICC’s have electrodes, shown as pins 12, ., 14, .., and
16,;_, that are soldered to the traces 18 at no&es 20.
The circuit board 10 is mounted on a circuit board

20 tester, generally indicated at 22, vhich performs various tests
‘on the circuit board and the components mounted thereon. The
tester 22 includes a bed-of-nails fixture 24 on which the board
is directly mounted and which includes contacts 24 ... that
contact varlous traces 18 on the board 10. The fixture 24 in

25 turn is connected to various voltage sources and detectors in
the tester 22 by way of a multiplexer 26. The multlplexer 26,
which may take the form of a conventional SWitChlng matrix
prov;des for selectable connections of the various sources and
detectors by means of software (not shown) that operates a

30 controller 28. _

The tester 22 can perform a number of different tests on
the board 10 and included within those tests are those to which
the invention is directed, specifically the detection of open
circuits between the electrodes of the IC’s and the circuit

3s board traces to which the electrodes are nominally connected.
The pins to which the input signals are applied are



35 appears on a trace to which a thitd'pth.shodld be connect ed,

one can infer that all three pins are connected to the W °
97/ 01102 PCT/ US96/ 11652

- 6- respective traces. Actually the traces to which the
signals are app iﬁg fromwhich they are extracted a

connected to other P on the sane CI¥CUIt board as noggﬁﬁégiggn and
the a-c paths in 5 the |atter 1Cs may also result in output signals.
For this reason we prefer to select the-gains on the | C under test
such that not all of themare connected to circuit board traces that

are common to another device on the sanme circuit board. '
Nbr eover, in scpmetimes aefesteq)mp:daéueénfas 'tinpwmpinscOanéctsmﬁslarrlyan | C

to the circuit dﬂ%ag‘ins"‘fr&ﬂ%ﬁéi(% output e exPEACEEN Tfd N Whi Ch
a first set of 3 S 1S - an I that is known to be

properly conned&&& tﬁ% %?réﬁ“ﬁmt pins" Board and a second set of readings
i nvol vi ng bot h pins Ghethester 22 ingipdes aRgidits wourcest Acsigm@ls on t he

same board. Th@ehiratofesen@hﬁetgﬁefaeadl BfiSaSe | Gigut SAFRANSEL S& Krdgueheym
t he ot her in.selecting
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tests. Specifi ceiceiveacoutpus mighalisofronctherfixtune 2duby way of gihenal s

are set betveegniRdphefes 26 khd Guss"eheOLl PtéFEd Wlighals to a detector 38.
A bias source 31 is connected by a current-limiting resistor 33

10 to the line 35 from the multiplexer 26. The detector 38 is
configured to sense the level of the component at the frequency
£; in the signal from the multiplexer 26. The functioms .of the
gource 30, bias source 31 and filter 34 are preferably provided
by suitable hardware circuitry, while the functions of the

s detector 38 are preferably performed by software control of a
conventional digital signal processing unit.

The tester also connects the ground or voltage supply
pins, 12g, 14q, 12s, 14s, etc., preferably both, to ground to
provide return path for the signals used in the tests.

20 In general, most IC pins connect to diodes in the IC.
These diodes must be turned on, i.e. forward biased, to admit
the input signals into the IC and to extract the outputs
therefrom. The voltage provided by the sources 30 to various
input pins has sufficient amplitude to turn on the IC diodes

25 connected to those pins. However, the output signals are
generally of insufficient amplitude to provide conduction by
the IC diodes connected to the output pins. The bias source 31
provides this function. That is, it forward biases the IC
diodes connected to the IC output pins selected by means of the

30 multiplexer 26.. : -

By way of example, each of the source 30 may provide
input signals of 4 volts peak;to-peak, with the input current
being limited by a source resistance of 50 ohms. The source 31
may provide a bias of 2.5 volts, with the resistor 33 having a

35 value of 10k ohm. Assuming that the output signal to be used
has the same frequency as the source 30, the filter 34 will



20 only pins on the subject IC and those obtained involving pins

on other 1Cs. During the subsequent test routines, signal st rengt hs
above the threshol ds indicate proper connections of the pins to the
circuit board traces, and, conversely, |evels bel ow t he threshol ds

i ndicate failed connections. 25 | have found that the output

vol t age i s woorenesd " substantially when there are p@g,ﬂsﬁ“&yits
bet ween the pins involved in a test and the circuit board traces to

whi ch t hey are nomnally connected, even with the alternate current
pat hs provi ded by other IC s on th@=sane circuit board. This 30
provides a high degree of reliability in the test results, whi ch
di stinguishes it fromthe prior _proposed use of DC - current paths.

B. Brief Desefepabln have @ecntafif nfregpency somewhat ahoye the,sperce
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i nvention er ence ghoﬁvg 8ecﬁt?j£t o) te%le]pcm 8\% %10 '8“‘% ai Imh&s will
descri pt i oRFEYRRE harmqnics: ofokhe; sonxer tregy RﬁSHygﬁ@Fcﬁéﬁﬁqi&Q the in
whi ck: ~ detector 38. '

First the system enters into a 1earn mode on a known good
board of the type that is to be tested. Focusing on tests for
the connection of the IC 12 to the circuit board traces to
which the IC is nominally connected, the system checks all the

10 pins of the IC for (a) the presence of internal IC diodes
comnected to those pins and (b) the polarities of the diodes.
This is accomplished simply by applying a voltage of one
polarity and then the opposite polarity to each pin and sensing
the corresponding currents. When a pin is subsequently

15 connected as an output pin, the polarity of the bias source 31
is set, in accordance with the detected polarity of the IC
diocde connected to that pin, to forward bias that diode. 1If a
pin does not exhibit conduction during this procedure, its
connection'to a circuit board trace cannot be tested. If

20 conduction appears to be exhibited, it may have been provided
by a pin in another IC connected to the same trace. The
untestahility of that pin will be ascertained in the next phase
of the learn mode. '

Next the system methodically ‘applies input signals to

25 traces connected to pins on ‘the IC 12 and senses the signals at
the traces connected to other pins. In making these
measurements the system preferably'omits measurements in both
of the pins involved are connected by circuit bdafditraces to
the same other IC on the board. For example, there would be no

30 test involving the pins 12a and 12c, since both of those pins
are connected to circuit board traces that are also connected
to pins of the IC 14.

After the foregOLng measurements have been made, one could
' disconnect and reconnect the pins 12a... one at a time and

35 - repeat the measurements involving those pins. The second set '

of measurements would elicit difference-frequency responses



FI'G 1 is a schematic diagramof a circuit board and a 5 tester that

tests the board in accordance with one enbodi nent of the invention.
FI;G 2 is a schematic diagramof a second enbodi nent of t he

i nventi on. C. Detailed Description of the Invention

Fig. 1 depicts It board 10, a portion of which is shown _in

t he draw ng. ﬁ%%’#iﬁty of 1C s, such as those I ndi cml‘ﬁ 14
and 16, are npunted on the .(;_.i_f;r_cuit boar d and these IC s are
connected to each other and to other 15 cagpanents and/ or connectors (not
shown) by circuit board traces such as those indicated at 18[err].
More specifically the ICC s have el ectrodes, shown as pins 12[err],

14[err], and from othper I{’s t¢minevteds tbdthedsdme idircuitcboatd wtacemies 20.

Te clrouit Pgie slicki dBHN Ehd cimplaks!the Wit Alve, ﬁesséeaaez%&goar g1y

i ndi cated at CcCLT cul

and t he corrpomaﬂﬂuW?EW‘ﬁe‘F%ﬁ ?Re°°nne°t?‘§§‘brtb22°f-‘ﬁﬁ‘ﬁﬂ ard and

\%ﬁd ﬁf' na: | s fgetsuthr@dhobdsihfai eédvh betrdf IC 12 measuremehys nbetwesth a:ﬂlét ]
ich includ a u e

board 10 Tt soisade dyeld Shtatnes GEEH HHe 4 12 éﬁéﬁﬁg@b‘f&aﬁé

rn |s nnect e
sources and dé’c’\?cttﬁ‘P§e| With the ’EWGF §'2° ﬁﬁz?}“’&F ednfrem theer 26.
The mul ti pl exerirdit board.whi ch may take the formof a convent [ onal

switching matrix ot eid da&és%lae}ﬁ%@@ fo W i ous
sour ces and tectors uﬁ/ means, ol SO vvar% gp at operat es
a 30 cont rcﬂqdéﬁlyzﬁ consuming angd,algQ¢; ep&'iff gh

di fferemnt testcmmections, armm abﬂboandsmmildidﬂm ttbi bet aesa-dm s:oar e

those to whichyengrate | 4864 b hiCBir¥ulf hdlfidact | on
Pt s Ee% en t e e t%%ﬁ'c E and

of open CIrCUI trodes of t he CIrCUIt
35 board t /e preferred embrdinent; ?m%lwlﬂeﬁﬁe%t
The pins to wﬁpaﬁtetheandpuhmlmﬁ-&e&m@ngpptomhm that does not requ:.re

the interruption of any connections on the circuit board.

15 Specifically for each IC, an initial set of measurements using

~ the various possible pin combinations, is made as described

above, but for each measurement a number of readings, e.g. 50,
is taken for each pin-pair Combination. The mean and standard
deviation of these readings are calculated. The input pin of

20 each pin pair is selected as the pin under test and another IC
on the board is selected which has a pin connected to the
selected pin on the subject IC. Readings are then taken with a
pseudo pin pair consisting of (a) the remaining pin of the pair
on the subject IC and (b) another pin on the second IC that is

25 not connected to any pin on the subject IC. For example,
assume that a pin pair on the IC 12 comprises input pin 12a and
output pin 12e and that the selected pin for a test is the pin
12a. The pseudo-pin pair could then comprise the pins 12e of
the IC 12 and the pin 14f, since the pin 12a is connected to

10 the IC 14 and the pin 14f is not connected to the IC 12.

- Again, a number of readings are taken and the mean and standard
deviation are calculated. A reliability factor is then
calculated by dividing the difference of the two means by the
sum of the two standard deviations.

35 This procedure is repeated for the various pin
combinations on the subject IC and the pin combinations having
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- 8- sonetines referred to herein as "input pins" and, simlarly,

the pins fromwhich the output signals are extracted are referred to ,
as "output pins". The tester 22 includes anbng its sources a
signal 5 generator 30 that generates an a-c input signal at a frequency
flerr]. The weeiminal so includes a | ow pass filter 34, whi recei ves
oLtput signals fromthe fixture 24 by way of the ﬁﬁ%ﬁ%ﬂ%ﬁ”ZG and
pass the filtered signals to a detector 38. A bias source 31 is
connected by a current-limting resistor=33=10 to the line 35 fromthe

mul tiplexer 26. The detector 38 is configured to sense the |evel of

t he conponent at t he fre%uency flerr] in-the signal..fromthe
mul ti pl exethechighest rpiiahidisy faetors aressbepesebectedifarpusecisl and
filter 34 sestingffonidpemicivcdtts of theé)subjetebke, hardware circuitry,

whi |l e the funct "EH? ﬁ;réﬁfolqig for gc& re(?%%dt ggsgrefer%gge;f?ﬁrned by

sof tware control nven i ona unit.

The tester BPgocﬁtﬁHﬁﬂﬁggﬂ:h@aQFS%%HW(waRMQQSQeSghﬁﬁtsd pin pagrpsthe2g, 14g,
125 s14s, thresholdfis dietwelent (a) t the) mEal ofOthe maa{ﬁﬂéﬂﬁsr ﬁhaé nwﬂg{ h f or

t he signal S 2

(he o1 0Nl EnoRiedd bt Netnakna (o) she PhBIFIE! Sheadial shSpPthe
forward bi S9EHespRRding pseudo-pinpaifyithe §haeshokds heiag Eeaguteﬂb extract
t he outputaccordingkmuaﬂnnsmaﬁd&n&akh&gaﬂ@hevldsgeamfidxil ghees 30 to

vari ous . iﬁ Dol hg féééing ééﬁ AlgnFtQ IC dlodes

25 connec ose pi Wever ,
10 . de with e seRected triad, the product of the reliability

factor and the standard deviation of the readings made with the
selected pin pair. _
During a test of the circuit board, a pin is deemed to
have passed the test if a reading made with the selected pin
5 pair involving that pin_exceeds the threshold. If it does not
exceed the threshold the test is repeated a number of times,
e.g. 50, and it is deemed to fail the test if the mean of those
readings does not exceed the threshold.
If it is desired to ascertain which of the two pins in
20 the pair has a bad connection circuit hoard trace, the system
can test another pin pair involving one of the pins in the pair
that failed the test.
I have found that the foregoing method of selecting ‘the
pin combinations and thresholds for the tests provrdes results
25 that are close to those that would be obtained by making tests
with the pins connected to and then disconnected from the
respective circuit board traces. At the same time it is much
guicker and less cumbersome than the alternative method.
In FIG. 2 I ‘have illustrated a second embodiment of the
30 invention involving ‘the use of two input freguencies. In that
case the tester 22 includes a second input source 32 hav1ng a
freguency f,. Again the bias source 31 is arranged to bias the
internal IC diode connected to the output pin into its
conductive region.
3s By way of example, both the sources 30 and 32 may provide
 input signals of four volts peak-to-peak, with the input




generally of insufficient anplitude to prOVFde conducti on by the IC

di odes connected to the output pins. The bias source 31 provi des
this function. That is, it forward biases the IC di odes connected to
the I C output pins selected by neans of the 30 mul ti pl exer 26.

By way of exangl@ersigeh of the source 30 may provide Iwﬁ’é S
of 4 volts peak-to-peak, with the input current _ being 'rmte y a
source resistance of 50 ohns. The source 31 .may provide a bias of
2.5 volts, with the resistor 33 having a 35=12=val ue of 10k ohm Assumi ng
that the output signal to be used has the sanme frequency as the
source 30, the filter 34 w|ll WO 97/01102

PCT/ US96/ 1165 current being limited to a source resistance of 50 ohms. The

preferably hasbwreeu3af mayrproeids o binshef 20Hwolty, wdthcethe resistor 33

frequency. Fqg l%al%tafau??‘%ﬁﬁ. frequency of 7 kHz, the - filter
of 1

34 may have a cuto frequency Hz. This wll

revent
har moni cs of the sd&§eu@ey  £oF oxampleythak kheping 12a anddE?Ec’c‘%Ye een
First the systsmletrtiedr asi ihput pimyr mndothatnthe invi2godd an outpoerpimf
the type that { ' Pyyggin 9Ny I on
of the IC 12 te(%%y?#%gﬁ%éﬁ tragightggm ﬁf@iﬁé\lﬁrcﬁst ﬁ'g f’?ﬁﬂ?gegn(ﬁfénal Iy
connect ed, t hPREeS 308032 Yo (the circuit board traces 18a and 18b and

to connect the line 35 to the trace 18e. The a-c signals from
the sources 30 and 32 propagate to the internal IC diode

10 connected to the pin 12e, where the nonlinear characteristic of
that diode provides a heterodyne action, resulting in the
generation of the sum and difference frequencies, £f,+f, and £;-
f,. Assuming that the difference frequency is used for the
test, the detector 38 senses the signal amplitude at that

15 frequency. If the amplitude exceeds a predetermined fhreshold,
the connections of the pins 12a, 12b and 12e to the respective
circuit board traces are assumed to be good. Otherwise, one of
the connections is assumed to be faulty.

The learn mode for the tests made with the embodiment

20 depicted in FIG. 2 is similar to the learn mode described above

' in connection with FIG. 1. The system methodically applies
input signals to pairs of traces connected to pins on the IC 12
and senses the signals on a trace connected to another pin. 1In
making these measurements, the system preferably omits

23 . measurements in which all three of the pins involved are
connected by circuit boards traces to the same other IC on the
board. '

Again an initial set of measurements are taken, in this
case each measurement involving a number of readings, for each
s triad, i.e. thrée-pin combination but for each measurement a
number of readings, e.g. 50, is taken for each pin-pair
combination. The mean and standard deviation of these readings
are calculated. One of the input pins of each pin triad is
selected as the pin under test and another IC on the board is
35 selected which has a pin connected to the selected pin on the
subject IC. Readings are then taken with a pseudo-triad



10 pins of the IC for (a) the presence of internal |C diodes

connect ed

to those pins and (b) the polarities of the diodes. Thi*s is

acconpl i shed sinply by applying a voltage of one polarity and then

t he opposi
currents.

te polarity to each pin and sensing t he correspondi ng
When a pin is subsequently 15 .connected as an output pin, the

polarity of woermes source 31 ' Is set, in accordanc ép/ %Ef
detected polarity of the IC di ode connected to t hat pin ! ormard

bi as t hat
procedur e,
I f 20

by a pin i
unt est abi

the learn

signal s at

‘diode. If a pi n does not exhibit conduction durlng this

its connection to a cirtd+t board trace cannot be tested.
conducti on appears to be exhibited, it nay have been provided

t | ted to,t t Th
PefeBrtiag, on (ke Febiilia SopinA ohcthartiziakon the o

subject IC and (b) anhiokher i \on ehensebond cxt |15haﬁtpﬁ.lsl Aaéti nput

si gnal s t ocdfmectdd { 265 rORIRCEANAS AR IENC bl Il oo §§§,P;h2§e

measur enenFBAEHR. e%':ﬂr a&'@?e&gb{? HMRLises, inpukcpins llﬁ?%éﬂlﬁ 1

pi nssi nvol

b and of the
ou’eptatep bii2ecaad bhatitheiiselected pincfori® test is the pETE

hose re co

ot her 1C ogaahe mrﬁeuﬁw’-tﬁamﬁid i WBihE115E i e 1g§85?§glf' ving

ciroui t bodf o A% A b Ria

After the
di sconnect

¢+ a numbqx, of; xeagingmcare. 14.
taken cind) theageasnand sstmdandeeavn'dmn canfe Gallcillated. A

ramhamcawe%tbbewlafenl lculQE@dgb% aqi&i&’m%“%? repeat the

measur enent s

measureman% f%ﬁnvol vin | ns
would el i CFHERRYINGS Fde* ofiessum of the two standard

15

20

deviations. :

- This procedure is repeated for the various pin
combinations on the subject IC and the pin combinations having
the highest reliability factors are then selected for use in

‘testing for open circuits of the subject IC.

The thresholds are then calculated as set forth above and
tests of the pin connections of the various IC’s on a circuit
board under test and then be made in accordance with those
thresholds. -

By way of example the frequencies f, and f; in the

. embodiment of £2 may be 40 kﬂz and 33 kHz (respectively) with

the cutoff frequency of the filter 34 being preferably set to
somewhat above the difference of those two frequencies. For
example the filter may have a cutoff frequency of 10 kHz.

The terms and expressions which ‘have been employed are

used as terms of description and not of limitation, and there

is no intention, in the use of such terms and expressions. of
excluding any equivalents of the features shown and described
or portions thereof, but it is recognized that various :

modifications are possible within the scope of the invention

claimed.

For example, in the embodiment of FIG. 2, one of the
input pins can also serve as an output pin, in which case the

triad would be embodied in two physical pins. On the pin that

35

serves as an output pin, the input.voltage is substantially
lower than the input voltages set forth above. For example,

a
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-10- fromother 1C s connected to the sane circuit board traces. °
The system woul d then conpare the respective neasurenents nade W th
and wi thout the 1C 12 connected to the circuit board and sets

t hreshol ds for | C 12 measurenments between the 5 t

vol tage | evel s o talﬁE% with the I C 12 pins connected aﬁﬁnﬁﬁﬁggéﬁﬁth
the respective pins disconnected fromthe circuit board.

To set the threshold in theforegoi ng nanner=igeul d be unduly time
consum ng and al so, in the case of chip-on-board 10 connections, a

nunber of boards woul d have to be destroyed to . generate the signal
patterns used the walunet b€ @i2 «wolt [peakdto-peak haghdeemncfonnddtenfuntitiaont of

procedure. t hatdees iy, “FLES, he bias RERLELS, OF dlng, MploRtly Mmool

on the circui ¥ iﬁg‘af'&“lgrra IEMEN i (?&FI y P i'('ezﬂ"ﬁpll' a'ﬁtFﬁF s‘gi["‘*?f at
measur ement s tkhiengutput pi.neowand)uﬁfpouabeby mmmm&ﬁfmseni} minidg as
descri bed of eV ewolih %ﬁers Rl e aPHE CTEREN IndHETRRL1A! FaRSEidas €. 0.

50, is taken p| n- |r conbl The n and ard
devi ation of ft i}’&ng Itt!’ﬁl 3?88 'f*fé“f%ﬂd’[c ngs a 25"‘Il °r}gach pi n
pair is sel ectandthert &6 pbmhmmheewhsﬂdpmm input pin ofnthesuluieck

is sel ected Whis3hdhas acRhéceednected to the sel ected pin on the
subject IC. Readings are then taken with a pseudo pin pair
consisting of (a) the remaining pin of the pair on the subject IC
and (b) another pin on the second IC that is 25 not connected to any pin
on the subject IC. For exanple, -~ ~ assune that a pin pair on the I1C 12
conprises input pin 12a and out put pin 12e and that the selected pin
for a test is the pin 12a. The pseudo-pin pair could then conprise
the pins 12e of the IC 12 and the pin 14f, since the pin 12a is

connected to 30 the IC 14 and the pin 14f is not connected to the IC 12.



Agai n, a nunber of readrngs nean and standard '
devi ation are cal cul at ed. Alﬂmlmﬂ "]"Im E | s then cal cul at ed by
di vi di ng the di fference of t TWOL MednsSs sum of the two

standard devi ati ons. Thi s procedure S repeated for the various '
pin conbinations on the subject I1C and the pin conbinations having

WO 97/ 01102 wo9rm1102 PCT/ US96/ 116

-1 1- the highest reliability factors are then se?égp%’(ﬁnf%? use in
testing for open circuits of the subject IC The threshol ds

for the selected test neasurenents are =15= then calculated. Basically,
for each selected pin pair, the 5 threshold is between (a) the nean of

t he neasurenents nade with - the selected pin triad and (b) the

readi ngs obtained fromthe ~ cor &MI¥Bdi ng pseudo-pin pair, the

t hr eshol ds bei ng wei ght ed accordrng to the standard devi ations.

Spéci fi cal lgy, tﬁemethod of @cﬂ?ﬁ'iﬂ fafﬂdréy ﬁPEBEv,ﬁS_E{;E%rO 15 gréan of

the readin made wi.t ecte ri.ad
reliabili t%ins and’ ¢ircyit @hirgfaﬁa%?dﬂﬁeh H‘Flinaﬁﬁ nominadddyi ngs made
wi t hst he connectedecaaiﬂrnathmﬂrcomprzsing the stepsi 6f: a test of the

circuit board, | 8p thestest i.f a.readin
made with the s_gl gg%e%fé?@%(é:igéﬁz;: :.nf Vi nga?li ? nf]e‘%c%egﬁcfl g )
threshold. If it irst pin of the IC is -
nominally connected;
‘B. detecting an arc output signal, derived from said
10 input signal, at a second circuit board to which a
second sum of the IC is nominally connected, said
output signal being present at said second pin, and
C. comparing the level of said output signal with a
predetermined threshold.
15 :
2. The method defined in claim 1 in which said output signal
has the same frequency as said input signal.

3. The method defined in claim 1 including the step of

20 applying to a third circuit board trace, to which a third pin
is nominally connected, a second A-C input signal having a
frequency different from that of said first input signal, said
output signal having a frequency that is the sum or difference
of the frequencies of the input signals.

25 .
4. A method of detecting failures in connections between IC
pins and circuit board traces to which they are nominally
connected, said method comprising the steps of:

A. applying a first input signal of a first frequency to

30 a first circuit board trace to which a first pin of
the IC is nominally connected,

B. applying a second input signal of a second frequency
different from said first frequency to a circuit board
trace to which a pin of the IC is nominally connected,

35 whereby said IC generates output signals at the sum
and difference of said first and second frequencies,

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Replaced

RN




exceed the threshold the test is repeated g R [ ITES e.g.
50, and it is deened to fail the test if Hm“ ﬂmﬂlmHm readi ngs
! e ,

dQes not exceed the threshol d. s destred to ascertain

-which of the two pins in 20 the pair has a bad connection circuit board
‘trace, the system can test another pin pair involving one of the
"pins in the paWO9701102 that failed the test. | REAESHET
that the foregoing nethod of selecting the pi.n conbi nati ons and
thresholds for the tests provides results 25 _;cthat are close to those

t hat woul d be obtained by making tests wth the pins connected to and
then di sconnected fromthe respective circuit board traces. At the
same tinme it is nuch i ¢ Sof USHRE" h i1V e
met hod. Cen E?E‘; ﬁﬁﬁm;we]q?ehaas??aie éps%ghgngaggg@dfirrent of
the 30 i nventi on i nvELFPREE (BRATE &race; hgm ?I%]Lﬁ’ fOnBRSkef L0 a BiR f;

case the tester 22 incl udaidarceatowhichpsaidooutput3 sigralsgare present.
frequency f2. Again the bias source 31 is arranged to bias the

internal |IC diode connected to the output pinintoits conductive
region. 35 By way of exanple, both the sources 30 and 32 may
provi de i nput signals of four volts peak-to-peak, wth the input
WO 97/ 01102 PCT/ US6/ 11652 :

-12-



current being limted to a source resistance of 50 ohns. The sour ce.
31 may provide a bias of 2.5 volts, wth the resistor 33 havi ng a
val ue of 10k ohm Assune, for exanple, that the pins 12a and 12b
have been 5 selected as input pins and that the pin 12e is an output

pi n, the controller 28 controls the nultiplexer 26 to c t
sources 30 and M29¥M19he circuit board traces 18a and 18b and%]'pﬁ}"g&"t'%s
connect the line 35 to the trace 18e. The a-c signals from t he
sources 30 and 32 propagate‘to the internal 1C diode 10 connected to the
pin 12e, where the nonlinear characteristic of t hat di ode provides a
het erodyne action, resulting in the 1lzgeneration of the sum and

di fference frequencies, flerr]+f[err] and f[err]- flerr]. Assum ng
that the difference frequency is used for the test, the detector 38
senses the signal anplitude at that 15 frequency. If the anplitude
exceeds a predeternined threshold, the connections of the pins 12a,

12b and 12e torthe-respectiv —*—dmmrbﬁfﬁﬁ% d to be
' j Ity.

good. -Q herw S¢, one o
in confection

f

The | earn rmde‘for th -Ie;t!sza
FIG 2 is simlar t t|he | egr nt
with FIG 1. Tte systgm net d&
of traces connécte ¥2dns on
trace connected to ;
system preferalbly o
i nvol ved are |

'?gput signals;to pairs
nses the si%‘?’al on a
hEsd®easur enen ,"f‘he

races440 th other IC

on the hoar d. 1 set Of nea tnts are
taken, in this| Oga /ing .a_nunbdngef |r eadi ngs,
for each 30  jtri age= i= ef- - oH~bud_T"d4f each neagurenent a
nunber of readilngs, | a.ﬁ. 50, i Sy t ake —— coqrbi nati on.
The nean and stlandal 18eli ationyof thbs ar e tcal cyl at ed.
One of the inpyt pibs. af Le: l_L.p.!ntr gl tifs | selected ad the pi n under
test and another I C on thejboard is Bp sél ectled which had a pkn
connected to tHe selectefl gin on the subj dat: LC. Readilngs are then
taken with a p = ap— = — — — Tr-——=--- —————
24a- |24b 2
AR MENS WEES S oves PN SWES GRS RS -— l_———--_———--_j-
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{ I
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- 13- consisting of (a) the remaining two pins of the triad on the’
sybject 1C and (b) another pin on the second IC that is not

connected to any pin on the subject IC. For exanple, assune that a

‘triad on the 1C 12 co&pri ses input pins 12a and 12b and 5 out put pin

" 12e and that tWOgup

ed pin for atest is the pin 1 2RCTA 611
pseudo-triad.could then conprise the pins 12b and 12e of the I1C 12
and the pin 14f. Again, a nunber of readings are . taken and the mean
and standard devi ation are cal cul at ed. A%{ reliability factor is then
cal cul ated by dividing the 10 difference of the two neans by the sum of
the two standard devi at i ons. This procedure is repeated
for the various pin conbi nations on the subject 1C and the pin

conbi nati ons havi ng the highest reliability factors are then

sel ected for use in 15 testing for open circuits of the subject IC

The threshol ds e—t-he-a-ea-he-ul—at—ed—a-s-se-t—fex&-lyﬁbo&e_an‘d_~__¢ sts of
the pin connectlons of t IC s on a cifcuit CIRCUIT BQARD under
test and then b g_lrpi‘ it h 83; t(UNDERSIDE) lz

By way of exarrpl e th requenC| es ] [err]. §n the

enbodi ment of f2 may 40 k2 and' H& (respectiyV Iza/) W th

1%

12e
20

I
|
18b 14a k,o'1o

16ai_

>

o

-l
_-h. .

BED OF NAILS
FIXTURE

STIMULUS AND
DATA SIGNALS

/28
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: LPF DETECTOR
D
=33

34 38
DC BIAS 31

CONTROL

e —— e — — — — — — —— — — —— — o — o)

FIGURE 2
SUBSTITUTE SHEET (RULE 26)



t he Qutoff frequency of t he f||ter bly set-t «T.‘\éké 5
somewhat above the difference of t m'ﬂ;mw ﬂml es. For >§ r"r‘am et

the filter may have a cutoff frequercyc¢oft 10 k a
expressi ons whi ch have been enpl oyed are ' used aBEPkAc#MEN1E§HEE? 993
description and not of limtation, and there . fs{no intention,}ih the
use of such terns. and expressions, of ~g8¢l udi hg| aryd AR Yggent s| of
the features shown and descri bed or portions jhgreof, but it Js
recogni zed that various 30 nodi fications are possf bl e WTH T tte~sciope

of the invention cl ai ned. CLAIMSor exhaople, in the

enbodi-nent of FIG 2, one of the I nput pins can al so serve as an

output pin, [n se t woul be enbodied in two
physi cal pi ng W&ﬂ”ﬁé’ ‘J‘tﬁﬁteﬁm @S\)’é’? qniesikions, between, Gt
voltage is sp&nsanndald.i;rcuit boalrd/\txradesn ﬁdﬂﬂhi@uu:hey taampe nomdnal gt h

above. For
PCT/ US96/ 11659008 bted, said method colfrifill' the steps L L

val ue of 0.2 vol t ApeaRPPIViBEK 8h £4068c A-todnputo signadi &0 a firssuci§Qn§.t

Al'so the bias volt ageboarlotRhce! tol GHilch & Fi¥et! pin of the! frct bks

arrangenent, the "local",soytce switc the di ode at the output pin
on and of f, thereby pP894ﬂF#3 E%P Xing 5 of the two input

si gnal s. The IearB-nndetaohlngfancahcncatput sigdal;r dexdivedofromvsatdt he

pseudo-triad | ncl udi ngngudl EBhat, at oPBSKRR clbutl tHabE \zbE @ Bicn o

physi cal i nput p|n of t e
second pin of the IC is nominally connected, said

output signal being present at said second pin, and
C. comparing the level of said output signal with a
predetermined threshold.

2. The method defined in claim 1 in which said output signal
has the same frequency as said input signal.

3. The method defined in claim 1 including the step of
applying to a third circuit board trace, to which a third pin
is nominally connected, a second A-C input signal having a
frequency different from that of said first input signal, said
output signal having a frequency that is the sum or difference
of the frequencies of the input signals..

4. A method of detecting failures in connections between IC
. pins and circuit board traces to which they are nominally
connected, said method comprising the steps of:
| A. applying a first input signal of a first frequency to
a first circuit board trace to which a first pin of
the IC is nominally connected,

B. -applying a second input signal of a second frequency
different from said first frequency to a circuit board
trace to which a pin of the IC is nominally connected,
whereby said IC generates output signals at the sum
and difference of said first and second frequencies,
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