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i ndi cates t there is a break ]
e lead structure on the component under test This type of
coupling is termed "capacitive coupling.”
Test probes are attached to the printed circuit board to

15 measure the signal capacitively coupled to the board. To

determine whether a particular lead of the component under
test is properly connected to the printed circuit board, the
traces on the printed circuit board to which that lead are
connected are connected to a current measuring device. The
20 other traces on the board are connected to ground to avoid a
spurious signal. This is called "guarding." .

If the current measuring device detects a cﬁrrent, it
indicates that there is a conducting path from the lead frame
of the component to the printed circuit board. If no current

25 is detected, it indicates that there is a break between the
. lead frame of the component under test and the printed
circuit board. Such a break indicates a manufacturing
defect. |

A. similar system is disclosed in US patent 5,254,953 to

30 Crook ét al. In that patent, a test signal is capacitively
coupled between the lead frame of a component under test and
a conductive electrode in the shape of a flat plate. Both
the aforementioned US patents 5,124,660 and 5,254,953 are

hereby incorporated by reference.
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;bet \‘Neen the |l ead frame of the conponent under test and the printed
circuit board. Such a break indi cates—a ing defect. 30

A simlar wodeeastios di scl osed in UY p,i‘;géir, t o REFOR601283| . | n
bet ween the | ead
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5,254,953, testand European patent application EP 0 636 887 Al, are hereby
incorporated by ggkergPéBes are attached to the printed circuit board in

10 a way which forms a loop incorporating leads of the component
under test. Other traces are also grounded. If the
component under test is properly connected to the printed

circuit board, that loop is a conducting loop. As a magnetic

field induces a voltage in a conducting loop, a voltage is

15 induced when the component under test is properly connected
to the printed circuit board. If a voltage is not detected,
a manufacturing defect is indicated. This method of coupling
a test signal to the printed circuit board is termed
*inductive coupling."

20 The aforementioned US patent application 08/227,854 is
also heréby incorporated by reference. '

We have recognized that each approach, capacitive
coupling and inductive coupling, has certain drawbacks. Each
‘approach can detect faults in only some of the leads on the

25 printed circuit board. The percentage of the total leads on
a board for which faults can be detected is termed the fault
coverage of the device. 1Ideally, the fault coverage should
be 100%. However, fault coverage of capacitive and inductive
techniques can be as low as 80% for some types of printed

30 circuit boards. i

Some factors which limit the effectiveness of these
techniques relate to the specific types of components being
tested. Capacitive coupling is less effective on components
with ground shields. Inductive coupling is less effective

35 for testing sockets without components in them.
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-2 Generally, the inductively coupled signal will be larger
than the capacitively coupled signal. A larger signal allows
more accurate measurements to be made. However, we have
identified circumstances when the inductively coupled signal

~ 15 will not be larger. When multiple components are connected
to the same node on the printed circuit board, it is possible
that the inductively coupled signal will be smaller than the
capacitively coupled signal.
' As described in the aforementioned US patent application
20 08/227,854, the conducting loop on the printed circuit board
is formed by imposing a bias current on the printed circuit
board. This. bias current forward biases the substrate diode
which inherently exists in semiconductor components. If the
substrate diode of the component under test has a higher turn
25 on voltage than the substrate diodes of other components
attached to the same node, most of the bias current will flow
into the other components rather than the component under
test. If'too little bias current flows into the component
under test, its substrate diode will not be fully forward
30 biased. In that case, a very small siénal is induced on the
board. Further, the bias current flow into other components
on the node forward biases their substrate diodes. The
forward biased diodes represent alternative conductiﬁg paths
which form a voltage divider, further reducing the signal

35 available for measurement.
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ful ti pl e conponents are connected to the sane node on the “printed
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t est, i apaiwberrwhiachi cae petformtcapaditive fooupl ihdi tests om t hat
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substrate di odesItThse Bofwustlier object to provide a manufacturing defect
analyzer which can test a component for manufacturing defects
10 with either a capacitive or inductive technique on a pin by
pin basis.
It is a still further object to provide a manufacturing
defect analyzer with improved accuracy. -
The foregoing and other objects are achieved with a
15 manufacturing defect analyzer having a sensor with antenna
elements arranged in groups in two parallel planes. The
groups can be driven separately by out of phase signals to
produce a magnetic field for an inductive coupling test. One
signal can be applied between the two groups to create an
20 electric field for a capacitive coupling test.



;10 bi ased.di odes represent alternative conducting paths which forma
vol tage divider, further reducing the signal avai l abl e for neasurenent.
Thus, for wessifsm | eads of a conponent under test, capalC TPVl i ng
may provide a larger signal and 15 therefore a nore accurate result. W
have recogni zed t hat a significant advantage can be obtai ned by
providing a manuf act ur i B§1BEf BESCBRET QM OGN TEE BRAWENGSSt conponents

using either CapaCTﬁévf?ﬁeﬂekbﬁgwgil'BguﬁétﬂétcﬁhﬁﬁféEbo&Mby refﬁﬁﬁhég5¥b

recogni zed that a si I cant a vantage could be 20 obtained with
manuf act ur i ngtlaef fellawing meranferat ﬂdhﬁescrlRﬁﬁﬁq3PQ§nﬁ9iﬁﬂQ§P¥%ﬁgenther
capacitive coapgwggggeﬁﬁswﬁich i nducti ve coupllng tests and that this

reconflgug?t|on FI&?UI sg wgerf ggd ggcaoglgh t é@ g?gtem according to
the invention;
FIG. 2 shows in schematic form the sensor elements of
FIG. 1; and
FIG. 3 shows the generated electric field when the
10 sensor of FIG. 2 is configured for capaéitive
coupling.
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to provide a manufacturing defect analyzer with a high rate of fault
coverage. 5 -I't is also an object to provide a manufacturing defect

anal yzer which can perf orDESCRERTION OF (PHE i PREFERRED GMBODIMENIUCt i ve
coupling tests. '

COUBLING (eSS, T i s B A oo ek Moo (v acturi ng
with either acompatientee 102 iarelaiourtdde tonbgasdonod .pi Asbyn a pin basis.
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appl i ed bet wegy the VWO & Al Bkt (GOt ishown§!.d tempdiant
capacitive coupling test.

supports are preferably used. Dielectric material is

10 preferably inserted between sensors 104 and components 102.
The dielectric material prevents sensors 104 from shorting to
components on board 100. Preferably, the dielectric material
is as thin as possible to allow sensors 104 to be close to
components 102.

15 Sensors 104 are described in greater detail in
conjunction with FIG. 2 below. Each sensor 104 has inputs
which can be driven to either create a magnetic field or an
electric field through components 102. The term "sensor"” as
used herein refers to an element which serves as the point of

20 transition between an electrical conductor and an
electromagnetic field in a dielectric. 1In the preferred
embodiment, "sensors" are used to launch electric and
magnetic fields. However, in alternative embodiments the
same elements could be used to receive such fields.

25 Electrical contact is made to the underside of printed
circuit board 100 through nails 106. Nails 106 preferably
make up a bed of nails as in a conventional circuit board
tester. Nails 106 make contact to the conductive traces on
pririted circuit board 100 which should be connected to the

30 leads (not numbered) of éomponents 102.

Nails 106 are connected to a selector 108. Connections
may be made through selector 108 to a voltage meter 11l4A or a
current meter 114B. Selector 108 may connect these meters to
any one of the nails 106 so that either voltage or current

35 signals at any point on printed circuit board 100 can be
measured.
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Selector 108 is alsoc connected to a bias current source
112. Bias current source 112 can be connected to any point
on printed circuit board 100 to establish a conducting loop
for inductive coupling testing.

The measurements made by voltage meter 114A and current

-meter 114B are passed to controller 124. Preferably,

controller 124 is a microprocessor and the values are passed
in digital form. ' '

Controller 124 is programmed to run a test program. It
generates the required control inputs to selectofhlos to
connect the meters 114 and bias source 112 to points on the
printed circuit board 100. Connections are made to test
whether each lead of each component 102 is properly connected
to printed circuit board 100. Each lead may be tested using
capacitive coupling or inductive coupling.

For a capacitive coupling test, selector 108 connects
current meter 114B to the circuit nodes on printed circuit
board 100 as described in the aforementioned US patent
5,124,660 to Cilingiroglu. For inductive testing, selector
108 connects voltage meter 114A and bias source 112 to the
circuit nodes on printed circuit board 100 as described in
the aforementioned patent application 08/227,854 for a
Printed Circuit Board Tester by Sheen et al.

Stimulation signals for the test come from sources 122A
and 122B. Sourceé 122 are RF sources. They are designed to

operate at the same frequency. The relative phase of the
sources 122 should also be controllable. For inductive
coupling, preferably_the sources are out of phase by 90°.
For capacitive coupling, preferably the sources are in phase.
Sources 122A and 122B can be connected together through
switch 123. Switch.123 is closed for capacitive coupling and
effectively doubles the input power.
Sources 122 are connected to selector 118. Selector 118
is connected to each of the sensors 104. Each sensor 104 has

a plurality of inputs, as described in greater detail below.
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BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be better

under st ood_by reference to the follow ng nore detail ed dgsG and
acconpanyiWg 26291, 5 ngs in which 5 FIG 1 shows a scherraéfglaigh%? t he

test systemaccording to the invention; FIG 2 shows
i n schemat i cSedemtoire 148ndsr aclsersshsmatrix which allowsptle souppgs 122

FIG 3 shows_th g I | h
FIG 2is Con%lgﬁr O%ﬁ%ﬁﬁg@f%ﬁ&ﬁx&b@k@ wieegnk §eé§8r|104 at a tgmasor of

Turning now to FIG. 2, a portion of one o% the sensors

104 is shown schematically. As describe in the
5 aforementioned patent application'08/227,854, each sensor 104

o is made up of groups of spiral loop antenna elements on a
printed circuit board. FIG. 2 shows the electrical |
connection to the spiral loop antennas. As actﬁally
fabricated, the spiral loops will be;on the surface of the

10 layers of the printed circuit board and do not have the
orientation used in FIG. 2 to show electrical connection.

The spiral antenna elements are configured in two groups
which are driven with signals 90° out of phase.. Within each
group, adjacent spiral antenna elements are wognd_in opposite

15 directions.

FIG. 2 shows layers 210 and 212 of a multilayer printed
circuit board. One group of antenna elements is formed on
layer 210. The other group of antenna elements is formed on
layer 212. As shown in FIG. 2, the groups are staggered so

20 _that one antenna element on layer 212 is between each antenna
element in layer 210.

The antenna elements in each group are made up of pairs.
For the group formed on layer 210, pairs 215A and 215B are
shown. For the group on layer 212, pairs 217A and 217B are

25 shown. Each pair is made up of a counter clockwise spiral
214 and a clockwise spiral 216. When the group on layer 212
is driven with a signal which is 90° out of phase with the
signal used to drive the group on layer 210, this
confgguratlon of spiral antenna elements will result in each
30 antenna element advancing in phase 90° in comparison to an
adjacent antenna element.

The pairs of antenna elements in each group are
connected in parallel through circuit traces on the printed
circuit board on which sensor 104 is formed. Thus, there are.

35 four input terminals to sensor 104. Terminal 220A connects
to the counter clockwise spirals of the antenna elements on
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layer 210. Terminal 220B connects to the counter clockwise

spirals of the antenna elements on layer 212. Terminal 220C
connects to the clockwise spifals of the antenna elements on
layer 210. Terminal 220D connects to the clockwise spirals

of the an;enna'eleménts on layer 212.

For inductive coupling, RF source 122A is connected
between terminals 2202 and 220C. RF source 122B is 90° out
of phase with source 122A and is connected between terminals
220B and 220D. A magnetic field is generated as described in
the aforementioned patent application 08/227,854..

For capacitive coupling, sources 122A and 122B are in
phase and connected together. One side of the sources 122 is
connected to both terminals 220A and 220C. The other side of
the sources 122 are connected to both terminals 220B and
220D.

The electric field 310 which results from the connection
as described above is shown diagramatically in FIG. 3. The
antenna elements on layer 210 are connected together and act
similarly to a conductive plate. The antenna elements on
layer 212 are similarly connected together and act like a
conducting plate. To first order, the electric field in the
vicinity of two conductive plates is as shown in FIG. 3.

' Electric field 310 extends beyond sensor 104 and
penetrates components 102. In this way, a signal can be
capacitively coupled to the components for a test as
described in the aforementioned US patent 5,124,660 to
Cilingiroglu. _

As shown in FIG. 1, the same hardware can be used to
make measurements using capacitive coupling or inductive
coupling. The hardware can be reconfigured simply by
changing the connections within selector 108, selector 118
and switch 123. All of these elements operate under control
of controller 124. . : ,

Controller 124 stores a test program. The test program
is developed by a person or by a computer running computed
assisted design software. It includes commands to configure

- 10 -
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENT FIG 1 shows a board under

test 100. Nwr%‘r conponents 102 are nounted to board 1@88rnASebhidsP
conventi ona 6ia}rggltest system board 100 is nounted in a 5 fe?rxture (not

shown) . Sensors 104 are nounted above each conponent 102 to be
tested. Sensdiee Irdwareoehmwd im BRIS. Ic o dreisanteasdy  leagtlvf eadds to an
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preferably u ceéﬁéﬁ;h{% c&prml%lzlrl al ie 1 epr e errdabﬁoy'i ngre&rrtsce}?{ectov\%“eaﬁds

sensors 104 &l Wheppregranm lhren causghaneisyinemernts o adds anckvaompared
sensors 104 f i c r r , he
e&%{@éﬁaw Jflues. mﬁraﬁebrfﬁeg mﬁ Japocm%sqfoeldab}fxi g_t ne

dielectric materia Is as thin as possi to allow sensors 104 to b
close to 5 infdementa Baplty ssonnectigmef @ dmed e dde a9t Qjmsaridr

detail in  p&HRAdUNOIRON Yt Tpiddzar PRI ndAE S Whilankdld dAS dgHM She

whi ch can be driven to either create a magnetic field or an el'ectric
field throughfRehpdnentd ULr HhSMY Fongiant fashionsaugheas @ mEnant

to an el ementophigha B es .as the point of 20 - transition between an
el ectrical conductor and an . electromagnetic field in a dielectric. |In
the preferred ErpeufRekie in¥srbien aliows RAch leafd e drectesiedmith

nmagnet i ¢ 10i el dbth&bV\eVedpad it fré edP i ndec PO HdBrt Sqide the Soharfiement s
could be used to recejve such fields. 25 El ectrical qﬁ-}%’lt act i s nmde

to the under SYHERLR bREnEeSt Program £3n RRpfidyne (e RAFdraTe 25 eheles
106 preferably capatbkiveptésbpetanfindidSive tdbid ROBEEH) OMFHe idstili t

board o S ohtaedohb el e BNR R Bl e R YR 1
largest signal when the lead is properly connected. ' This
15 information can be obtained by analyzing the design of the
printed circuit board when the test program is written.
Alternatively, the information can be obtained by
measurements on a known good board during a "learn mode." In
the learn mode, the controller 124 is programmed to measure
20 the signals capacitively and inductively coupled to each
lead. The technique yielding the larger signal level can be
identified and included in the test program for that lead.
Also, the measured values can be used to set the thresholdg
used to identify a fault. The threshold should be slightly
25 lower than the measured value on the known good board.
Having two measurement techniques available also allows
both techniques to be used simultaneously for greater
accuracy. For example, rather than having a single
threshold, two thresholds might be established for a
30 technique. The upper threshold would establish a signal
level which, if the measured signal were above, would
indicate that the lead was properly connected. .The lower
threshold would establish a signal level which, if the

measured signal were below, would indicate that the lead was
35 not properly connected.
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connected to a sel ector 108. Connections may be made thr t or
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114A and cHrr §ire bel® & hd 14RO RES Sk 1 U1 Y ih&d calticlf erably,
controller 124 1s a_m croprogcessoy and the values_ are passed In digital

form Cont Tiof | RWNeDHC | ¥alnes  efmer eshalds ¥ansiiqn ddekvoe

generates the gl nesed O I the | fiititted ixehAd! Woallt dnd the ERRRAEHCt he
neters 114 and, bi as %%gr e 112.tcgéxﬂrns. n.the printed circuit board

100. Connecti CHESLER § PrHYed Cirgidt Roakdn | ead of each component
102 is properly conieeingd desctibedi ohedembodiménthoanineiths Eddfedread vany

be teStedIUSirghbodiments or variations might be made. For example, sensor
104 is shown to be configured for capacitive coupling by
connecting a signal between antenna eleménts on two different
layers of a printed circuit board to approximate the effect
of connecting the signal between two closely spaced parallel
15 plates. It is possible that all spiral loop antennas might
- be formed on one layer of a printed circuit board. 1In that
instance, the inputs and outputs of all of the elements might
be connected together. With such a connection, the spiral
loop antennas would approximate a single conductive plate. A
20 signal might be driven to that'single point of connection and
the antenna elements would then act as the electrode of the
test system in US patent 5,124,660 to Cilingiroglu.
As another variation, the printed circuit board on which
sensor 104 is formed might include a grounded layer above the
25 spiral loop antennas. If the sensor is wired to allow a
signal to be connected to that ground layer, the ground layer
could act as a parallel plate. It could be the parallel
plate used to form an electrode in US patent 5,124,660.
Alternatively, it could be one of the two parallel plates as
30 shown in FIG. 3. In that instance, the second parallel plate
could be formed by interconnecting the antenna elements on
one or more levels of the printed circuit board making up
sensor 104. ’
Also, FIG. 2 shows spiral loop antenna elements. While
35 such antenna elements are desirable because of the magnetic

- 12 -



.15 ‘capacitive coupling or inductive coupling. For a capacitive

cogpling test, selector 108 connects current neter 114B to the circuit
nodes on p, ircuit board 100 as described in the aporesssdizened
US pat ent worg@giéh 660 to Cilingiroglu. For inductive testing, selector 20
108 connects vol tage meter 114A and bias source 112 to the circuit
nodes on pringgeh ﬁé%t r&0ed b 1 Wk s d e dritenna tdlendfriy e meigHtoned
pat ent appllcatlon 08/227, 854 for a rinted Circuit Board Tester by

Sheen et al . also be usedimyl ation si gnals for the test cone from sources
122A 25 and 122B. FI@OUIC@ﬁo&BZtnée B0 SeeiESsSs arddayséd ecsladt pnedgioups

operate at the sane frequenc | ati ve phas f th o SOUrces
shoul d al so bRf cRREPORR 2BfEmeRts ‘?hﬂn%&t?% odt ogéﬁbﬁﬁeh Y pgroef'er§olsﬂ'nlgﬁ‘
sources arme ogbuﬁ&epdaﬁgntbye%sed in ¢onjamainon iwitlt auphase shifter abl y

t he sources are |n ]tghase Sources "122A and 122B can be connected
t oget her throﬂﬁ SMAtCh 123. Switch 123 is closed for capacitive
coupl i ng and aflkect ivelwasdshbiwvasthat theuanpenna. elements weBBur ces

122 are connegted t

of the sensor2+Ye4® Eéghecé‘ﬁg&%%dH;ﬁéé&t 1{3‘:&}’? ?aChﬁfy O][lffgtgﬁitégngach

descri bed i n glemtatsdeezel dbelided into pairs w1red to be lséfﬂgﬁ€3o€5

- 8- 10 phase. Any number of groups might be used and any type of
wiring might be used between the elements in each group. It
is desirable, though, that the phases oflthe antenna elements
in each group be staggered such that the signals generated by
all the antenna elements cancel in the far field.

15 In a preferred embodiment, the tester of the invention
is part of a bed of nails board tester. The invention might
easily be manufactured as a separate unit.

Further, it was described that each lead was, in the
preferred embodiment, tested with either an inductive or a

20 capacitive technique. It was also described that the test to
be used was selected in advance and recorded in a test
program. Such a configuration reduces total test time.
However, the signal levels might be measured using both
techniques during a test and a choice might then be made as

25 to which technique provided the larger signal. Moreover,
rather than basing the choice on the larger signal, the
choice might be based on an estimate of the signal to noise
ratio or some other parameter.

« As another variation, it was described that sensors 104

30 are used only to drive a signal to the printed circuit board
under test 100. A test signal might be injected into the
circuit board under test 100 and measured by sensors 104.

Further, it was described that for capacitive qoupling,
the two ends of each group of antenna elements were connected

35 together and driven by a common signal. The invention could

- 13 -
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Selector 118 is a swwtch matrix which allows the sources 122 to be
connect ed W demesionput s of one sensor 104 at a time. PCTVUSIMZBNOW
to FIG 2, a portion of one of the sensors 104 is shown schematically.
As descrlbe in thing af grenent i ope aten pllcatlfn 08/ 227, 854, , each
sensor 104  Stid H@C5b°8flgr88 ¥8 esﬁP PL| BRHM AR BHFRE eVeFe il ver a
printed circuahdbenedothe® erdsweve hheoﬁhectédcal connection to the

spiral | oop antenngs. actu fabric he.s S be
on the surface of %%?fgioﬁeéygkfy&P eH&‘BP.ﬁ? qglﬁgu %Rbgﬁ?d gg H% h%?
have t he epieitatndn secope off EhE. appendefiovlalimstiri cal connecti on.

The spiral antenna el ements are configured in two groups whi ch are
driven with signals 90[err] out of phase. Wthin each group, adjacent
spiral antenna elenments are wound in opposite 15 directions.

FIG 2 shows layers 210 and 212 of a multilayer printed circuit board.
One group of antenna elenments is forned on | ayer 210. The ot her group
of antenna elenents is fornmed on . | ayer 212. As shown in FIG 2, the
groups are staggered so 20 that one antenna el enent on |ayer 212 is

bet ween each antenna el ement in |ayer 210. . The antenna

el enents in each group are nade up of pairs. For the group formed on
| ayer 210, pairs 215A and 215B are shown.. For the group on |ayer 212,
pairs 217A and 217B are 25 shown. Each pair is nade up of a counter

cl ockwi se spiral- 214 and a cl ockwi se spiral 216. Wen the group on

| ayer 212 -.is driven with a signal which is 90[err] out of phase with
t he signal used to drive the group on |ayer 210, this

configuration of spiral antenna elenents will result in each

- 14 -



30 antenna el enent Hmnﬂmu_rlm” e 90 in conparison to an adj acent
ant enna el enent. ﬂlﬂ of ant enna-elasent s I n each group are
connect ed i dg2bédol el” t Hr obgh"m fcuit Oas BEERNT || nt ed PCTI_US!U'mmi t
board on which sensor 104 is formned.y TH er LQCEDare 85 four input
termnals to sensor 104. Term nal A' - o the counter

cl ockwi se spiral s Wiat hiss aclaimed elnent s on

< 9- WD .96/ 2 CT/USQ [ 01287
aver 2101 To i nak MRfacturing defect analyzer for Lesting & printed o

t he ant enda eIenen@trqmitay@arQJEBVﬂngrarpﬂuﬁﬁlﬂly_of(nnmpnnenuS)dﬂEposed

cl ockwi sesspirals gf {be agh {§5§%enents on | ayer 210. Term nal 220D
connects to the clockmnse splra of the antenna el enents on | ayer 212.
For i nductive coupling, 2RF séupéﬁrgéznyugfcaﬁne@red eachpsemeen:term nal s

220A and 820C. RF source 122Bjis Q@hgtkh QBtbed gggﬁﬁgﬁéeaﬂbQQ Eﬁgr Fd ﬁéA

and is connected bet ween term nal s 220B an magneti c
gener at ed®as described in 10 theC&W@PéﬁéﬁﬁlGﬁeﬁhﬁaPéhﬂtaﬁpFFEGPPEnboard
08/ 227, 854. For capasl)tlﬁavqagphl Pquraw&g’eéfliaﬁeegdhéazﬁgare in
phase and _connect ed together. One sid he sources 122 connect ed
to both t&rminals 220A and 220C. Fﬁ@dHFﬁéWesFHECSF on at least one layer,
9 the conductive traces forming at least
10 one conductive path between a first point
11 and a second point; and .
12 iii) at least two terminals,.one such terminal
13 connected to the first point and one such
14 terminal connected to the second point;
15 | b) test control means for: '
16 i) connecting the sensor to allow a current
17 flow between the two terminals of the
18 sensor and measuring a test signal
19 inductively coupled between the printed
20 : circuit board and the sensor; and
21 ii) connecting the sensor to prevent a
22 current flow between the two terminals of
23 ' the sensor and measuring a test signal
24 capacitively coupled between the printed
25 : circuit board and the sensor.
1 2. The manufacturing defect analyzer of claim 1 wherein the
2 «test control means comprises a switch connecting the two
3 terminals of the sensor together for connecting the
4 sensor to prevent current flow between the two
5 terminals.
3. Thé manufacturing defect analyzer of claim 1 wherein the
2 test control means comprises a signal source and meané
3 for connecting the signal source between the two
-
BT



t e sources 122 are conn termnals 220B and 15 220D. -
The electric field 3 E f r|pT L e CoRreG et as descri bed
above is sWOMG6/2N639r ' TN G [B./MHNEHEET HaRtBEENA fe| POTNISIG/OIRSY ayer

210 are connected together and act Isimi | &FYACE0a confluctive plate. The
antenna el ements on 20  layer 212 are sinm[arl'y ‘confécted together and act
li ke a 4conduct i ¢RFPIRALS foF fAkkawigigier cutinend] ddow detiwslen ithet Haro
vicinity o two congeehiy£l ) ates is as shown in FIG 3. El ectric
field 310 extends beyond sensor 104 and penetrates conponents 102. In
this way, a signal can be 25 capacitively coupled to the conponents for a

test as 1 descri bpideimanifadt g e fued dda13ateanto H5,c124nf80 WHerein the
(@] Iingirog%u. As_sho. in FIG 1, the sanme hardware can be used
to nmake neasur5ﬁ§5t§°¥ﬁ§?i¥hﬁﬁﬁﬁﬂ??Wﬁf%ﬁﬁﬁﬂqrﬂf?ﬁri1ﬂﬂuﬂﬁ§ﬂ§:ﬁ?r

coupl i ng. 3The har deenrectindethie anesf ¢y betvedrimihe ivo terntihailgi Mpat he
connectiong W thin : 0 C 1 nd switch 123.. Al of

t hese el emiant s oper% iégﬁ%lg%r&c%ﬁér%f@ fféw '(])l?eehc‘"('ﬁﬁr} oﬁq'feertwlefermlnals'
Control l er 5124 stores a test program The test program 35 is devel oped by

a person or by a conputer running conputed assi sted design software.
It includes conmands to configure - - 10 -

1 5. The manufacturing defect analyzer of claim 1 wherein the
2 conductive traces form spiral loop antennas.
1 6. The manufacturing defect analyzer of claim 1 wherein the
2 test control means comprises:
3 a) a bed of nails;
4 b) a selector connected to the bed of nails;
5 ‘¢) a current meter, a voltage meter and a bias source
6 connected to the selector; and
7 a) a microprocessor connected to the current meter and
8 the voltage meter and the selector.
1 7. Automaticltest apparatus for testing a printed circuit
2 board having a plurality of components thereon,

"3 comprising:
4 a) a plurality of sensors, each sensor having a
5 plurality of layers with conductive elements formed
6 on at least two layers, the conductive elements on
7 at least one layer being traces electrically
8 connecting an input point and an ouEput point;
9 b) an RF signal source;

10 c) first switch means, having a control input and

11 responsive to signals at its control input, for

12 connecting the RF signal source between the input
13 point and the output point or between conductive

14 elements on different layers of a sensor;

‘This Sheet Has Been Re
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"har dwar e showr; in Flmlﬂum“! l!‘””“‘ I ea:. - %M%ﬁ?l% ont e
umt

printed CifgYihosh®ar er *corma'dﬁ'”s SHEER HASBREN ] 96M12BAuse
measurenents to nade and conpared Lhre§ﬁﬁ%ﬁQ&Dues #Measur enent s

bel ow a threshold val ue 5 |nd cate fa ne | ead to the
printed &Prcuit @) boaRdPlHh@ %E¥t°gr ula#a?@'tp ?‘Fil"tfﬂé%a]i%rﬁ%f?ﬁﬁc'iot
report the faults tgo@nd§€éni EheOPRiLEEA el Piiif Asdhad urkdeh Bsst; -
report or an alarm Because the invention allows each lead to

be tested?with 10 eélthérmﬁaeﬁpQEFt?%%SBFl?%dﬂ%¥?%%9technlque t he comands
within the test prﬂgraghCﬁaaﬁen‘fbgumeakhelhgrduﬁenipr elther a

capaci ti test, an, inductive tes The. t

preferabxg sel ect e®’ f or SESEH I?gﬁEFg 8?9gsth%aVlnglar%%%?r5|gh %&F?ﬁth

| ead i s pooperly connectedpofisivelfo théosimhabs atnibe otntrekdimgut, for
anal yzi ng,the design of r u ram-
s wittan | pliBehanid LBRALELR he 0BT Eadbifledfr g nplic
measurem@@ts on a knownagdo&hsoauursatumgaauriEthOn%ebect¢® onest g Fbﬁrn
node, theg,controller Y 8 e re 20 the signals
capaC|t|?eg and |nduct v && g ggﬁggbggchﬂﬁﬂ | ead. The techni que

yi el di ng 2ghe Iargeh)3|gﬁQPtF@4emeé§ﬁ béoupleﬂdéﬁtFhﬁe@oaﬁﬁolné$9@%d°fnthﬂe
test progmam for that |ggder sw1@E§Qmehh§ EﬁasHﬁ@ds¥ébﬂﬁssﬁ§@cﬂemééﬁ§ t or
set- the threshol ds used to identify a fault. The threshold should be
slightly285 |ower than CeaeFssdtdeFoREred §ﬁgﬂﬁéskﬁemﬁ°ﬂﬁﬁﬁtbBBFdV°1tage

Havi ng twe neasurenent EQQEQEQ%QSmé%ﬁb|%BI%eib&&e&'bﬁéﬁ of thetblﬁeaMBtgues

than haviZfy a single.  OF RECHRS #hiso the; BEhGREUSH GRETEE. US: GBPPEREASY or
a 30 tecghique. The umaﬂtrwééﬁ aweolighpueulatide sugbuitspoantsgaall for
30 generating control signals to connect the current
31 measuring means to selected ones of the plurality
32 ' of probes when the RF signal source is connected
33 between conductive elements on different layers of
34 ' a sensor.
1 8. The automatic test apparatus of claim 7 additionally
2 comprising a bias source connected to the second switch
3 means and wherein the control means generates commands
4 to connect the bias source to selected ones of the
5 plurality of probes while the RF signal source is
é cohnected between the input and output points.

9. .The automatic test apparatus of claim 7 additionally:
comprising means for processing the output of the means

for measuring voltage and the means for measuring

B W N

current to identify manufacturing defects.

1 10. The automatic test apparatus of claim 7 wherein each of

the plurallty of sensors comprises a multllayer printed
circuit board.

This Sheet Has Been Reﬂla
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l evel which, if MIM‘JEEL u wer e above, woul d I ndi cate that
the | ead was pro The fowet—————ihreahol -d woul d establish a
signal level which, if the neas 'éwmsngaTHwemﬂfme ow, woul d indicate
that the | 3%@A96(886185 not properly conpect e®ERLAGED WO 96/ 296 PET/USI6/01287

PCT/ US96/ 01287 | f the neasured-sigiatl” Were-bet ween the two
t hr eshol ds, nmeasurenments woul d then be nade with the second techni que.

| f .nmeas eng d h e_abqye.th reshol d. no
BT e 086 | Fhe SREGRERIE! ceSE I AeliE AL o BYE " yerbhh *OhE 2F )
a fault Zwoul d be nhﬁdc@@tdwtlve elementﬁecnumnsssml geoundl phanehol ds vary

for the type of parts used on the printed circuit board and the
specific . de5| n of the printed circuit board. Havi ng descri bed
one enbodi ndRt, ﬁ%ﬁ%xmﬂQAgfﬁ&FFvéPPGraéﬁﬁoafnénﬁémo? vherainoasendfht be
made.  Fpr exarrplt@xe TMRIctive le%me%t%h@ pk@s88 aoa%agawﬂoéﬁraﬁeeﬁﬁat've
couplln%}by connecting a signal between antenna el emrents on two

differe | a et .a printed circuit board to approxi mate the effect

of connecting. the signal betmeen two closely spaced parallel 15 plates.
It is p055| lLe th t aII iral | oqQp _antennas m_ght . e formed on one
| ayer ofla gﬁlnt d% .éﬁ FRPRIYALtUS °Fn§ﬁ§n@e}9tWEeFﬁﬁﬁtEﬁﬁnﬂne
outputs »f all ofof lmeelcﬂnmﬁctwiegralementhecbmpnee‘eedtt«rogepheal Yéo6p such a
Connectlfn, thefﬁﬂééﬂnas connected together, with a flrst of the spiral

4 antennas wound clockwise and a second of the spiral

5 antennas wound counter clockwise.

1 14. The automatic test apparatus of claim 7 wherein the
conductive elements on at least two layer comprise

3 conductive traces.
1 15. A method of testing a printed circuit board having a
2 plurality of components with each compohnent having a
3 plurality of leads connected to traces on the printed.
4 circuit board, comprising the steps of:
5 . a) configuring a sensor near a first one of the
6 plurality of components to generate a magnetic
7 field in the vicinity of the first component;
8 b) measuring the voltage.induced by the magnetic field
9 in a loop on the printed circuit board including a
10 first one of the leads of the first component;
11 c) configuring the same sensor to generate an electric
12 field in the vicinity of the first component;
13 d) measuring a current flow capacitively couplea ffom
14 ‘the sensor, through a lead on the first component
15 to a trace on a printed circuit board; and
16 e) detecting a defect on the printed circuit board
17 when the measured voltage is below a threshold
\
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| ebp ant ennas singl e conductive plate. A 20 signa

m ght be dri vemimmmunmnr“mumﬁl nt pi—esnmestFOafd || the antenna

el ement s vvoul d thentact a% the ‘el ectr d'eHleSrtErEé HAS BE%@JLsyst emin US

patent 5, ?;&6 §o Gli ng| rogl u. l %ﬁ%‘?her ri RCTWS96/01287
0

printed d 0
grl)lrjln(@i@dci ;;glr abose"?ﬂ&ezgr E]ﬂﬁrﬂ?aF‘dﬁﬁ a 't’%’ﬁ??é% lrrgd{%g{lquﬁclhogl% red

~F——2

to al hgw a si gnakallaebe connected to that ground |ayer, the ground .
| ayer could act as a parallel plate. It could be the parall el pl ate
used to forman electrode in US patent 5,124, 660. ‘Alternatively, it

coul d e obe. of Theemevhodaoél tdaimpl hSewhe:seBﬁ) téosrep rofi@asguridg t hat
| hstange, the Seaapd RALalbEtsBLAk st cofifUbfifg 4 WM uddll SfeAeCti N
eve f the print

t he ant®enna el ene or nore circult _
~board rdaki ng up100p sensor 104 Al'so, FIG 2 shows spiral |oop

antenna elenents. Wiile 35 such ant enna el enent s are desi rabl e because of

t he magnetic WO 96/ 29610

PCT/ US36/ 01287 The methefddofhejaimdiat eheeehertltl?pe%em %t@?ﬂﬂd%}%ts

m ght 2 voltage in a loop including a lead and measuring current
3 through a lead involve the same lead.

1 18. The method of claim 15 wherein the steps of measuring a

voltage in a loop including a lead and measuring current

w N

through a lead involve different leads.

19. The method of claim 15 wherein the step of configuring a
sensor to generate a magnetic field comprises applying

an RF signal across two ends of a first conductive trace

B W

in the sensor.

20. The method of claim 19 wherein the step of configuring a
sensor to generate an electric field comprises
connecting the two ends of the first conductive trace

VRS

together.

21. The method of claim 19 wherein the step of configuring a
sensor to generate an electric field comprises applying
an RF signal between the first conductive trace and a
second conductive trace, with the first and second
conductive traces being disposed in parallel planes.
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the 'two ends of each group of antenna el enents were connected 35 together

and driven by a comon signal. The invention could

- 13 - WD 96/ 29610
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AW ¥ e FTAAN®ERE v NIV V72 rTRT OTTO8 setd Ll g

_APR:-04' 97 (FRI) 15:39 .

=114 - ( ) 18:3 What is claimed is 1 1. An apparatus for P. 005
detecting manufacturing defects on a 2 printed circuit board (100)
having a plurality of 3 conmpenents (102) nounted thereto, conprising

4 a plurality of sensors (104) for receiving and 5
generating el ectromagnetic fields (310), each sensor bei ng di sposed

6
above one of t ' e spiral .
antenna el enmmme(wgyéyz% v%fﬁ{]rigép‘%%@ﬁ%pi ral 9
antenna el ement {Bhig rigventdndurelatag genepalydip #qudpment £9% st terni nal
(220A) and atggenid drantenatbi tdZiCboatlis and more speicilf@asllpng si gnal

2] Gast oncesfiment Tox deyagtlad mentprOilled dckeRRg it it aced
printed & rcoltchiarsbargr. neasuri ng
A manufacturing defect analyzer is described in US
patent 5,124,660 to Cilingiroglu. In that manufacturing
defect analyzer, a metallic electrode, shaped generally as
a flat plate, is placed above a component on a printed

10 circuit board. The electrode is driven by an oscillator,
which generates an electric field. The electric field
couples to the lead structure on the component under test.
This type of coupling is termed "capacitive coupling.™

Test probes are attached to the printed circuit board

15 to measure the signal capacitively coupled to the board.

" To determine whether a particular lead of the component
under test is properly connected to the printed circuit
board, the traces on the printed circuit board to which
that lead are connected are comnected to a current

20 measuring device. The other traces on the board are

'~ connected to ground to avoid a spurious signal. This is
called "guarding.”

If the current measuring device detects a current, it
indicates that there is a conducting path from the lead

25 frame of the component to the printed circuit board. If no
current is detected, it indicates that there is a break
between the lead frame of the component wnder test and the
printed circuit board. Such a break indicates a '
manufacturing defect.

30 - A similar system is disclosed in US patent 5,254,953
to Crook et al. In that patent, a test signal is
capacitively coupied between the lead frame of a component
under test and a conductive electrode in the shape of a
flat plate. | '

35 Another similar system is disclosed in European patent

. application EP 0 636 887 Al to Freve., In that patent, a

-
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NV YUNCLLO N MULINGEILLIN UL v T UL . P2 I A hed b U LSV EVD 8

RPR 0497W¥Hegségltage or current signals on the board, 16 gimﬁ
blas source (112) switchably connected to the 17 printed circuit
board for- form ng a conducting | ecop on 18 t he board, and 19
test control nmeans (124) for controlling both the 20 coupling of the
signal source to each sensor and the 21 connecting of the neter to
the printed circuit board, 22 wherejn the test coptrol S connects
one of the 28Pacer cogpxi aﬁngr?ﬁl¥ﬁ§¥§oF§?iE;§ﬂIWﬁﬁ%ﬁleg g%n§eqq§§§1between 24

the first ardetsesama cendioeive grbbeeplatesand te girobs mountirg gnal
I nductively %&’PPA@%’ b wgeggi% qlegsgdﬁgbﬁgylfs Ay amtm@ﬂ;\r&@gdt he one
ality o

of the plur sensors aracteri ze
each sensor ReEWesn |apdp gfica sErARAneRY BRdEr test and E}"@n’é?f’t‘d‘{"z’f-f& 217B)
on a sec@dd poyes plxkcd). HbRedér, the spaceal peniitnahel eondictive he second

21 9™ e yiare goC SHAE! LGSR yBRVEF BchBpdobe T 1o (2209
means connecparahtelsism jpetwaen an uppay: surfgce ok digocampanent A9 current
flow betweentié probe mdiathhgssubnibe;cthedebg Mgivingndapaéieaivd he third
-5 repeatability. .

10 The aforementioned US patents 5 124,660 and 5,254,953,
and European patent application EP 0 636 887 Al, are herebhy
incorporated by reference.

An alternative test technique is disclosed in
copending US patent application 08/227,854 for a Printed

15 Circuit Board Tester, filed April 15, 1994 by Sheen et al.

That patent describes a manufacturing defect analyzer
in which an antemna array is placed above a component undexr
test on the printed circuit board. The antenna array is
configured to produce a magnetic field in the component

20 under tast.

Test probes are attached to the printed circuit board
in a way which forms a loop incorporating leads of the
component under test. Other traces are also grounded. If
the component under test is properly connected to the

25 ©printed circuit board, that loop is a conducting loop. As
a magnetic field induces a voltage in a conducting loop, a
voltage is induced when the component under test is
properly connected to the printed circuit board. If a
voltage is not detected, a manufacturing defect is

30 indicated. This method of coupling a test signal to the
printed circuit board is termed "inductive coupling.®

The aforementioned US patent appllcation 08/227.854 is
also hereby incorporated by reference.

We have recognized that each approach, capacitive

35 coupling and inductive coupling, has certain drawbacks.
Each approach can detect faults in only some of the leads

Fy
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36 and fourth termnals and neasures a test signal 37
I nductively coupl ed between the printed circuit board 38 and the one
of"the plurality of sensors, and 39 the test control neans '
connects one of the 40 plurality of sensors to prevent a current flow
bet ween 41 the first and second term nals and between the third 42

and fourth ternipnals..a t s ltjvely

coupl ed bet V\Bér%?%e&blr#%tdg‘gig#{riggl% oar d%g%r&tagﬁdoghgﬁ%ﬁ‘gé% 1 t he

plurality of leadsoem. a board) forhehigip fenilhs cen Rrdatersgindsureded i ng
defects on agRe fault Ridvdir@geCbfCthd dwAkd.actasaing thecfauml, 3

P FEvbr gy G B0 it A oy B X (19 (o
and fourth tespandtive and indughivecrechniiouesycen dvems dgwcasr@ f| ow
between the for gome tRidl B3 Printdd Tirbidrapeards us for detecting _
manuf acturing defects on a 2 , rinted circuit, board according to claim
1, 3 SBe cFaFTaRS F’@%icﬁﬂﬁfolt%ﬁb&ﬁge%%‘f?e%" Ehpeen 4
matrix (118) teehnigueeatdlatel ko the | spstificetypgsadl Tomponenssubeimget ween
e it T ReEAA"Y SRS Silbfing 10 ANELEPAMISS b 0 210 oL
10" compohents with ground shields. Inductive coupling i1s less
effective for testing sockets without components in them.
Other drawbacks we have identified relate to the
specific way that leads on a component under test are
connected to the printed circuit board. The actual signal
15 which is capacitively coupled to the current measuring
device depends on the ratio of the capacitance between the
electrode and the lead frame of the component under test
and the capacitance of the rest of the network of
components., Generally, the capacitance between the
20 electrode and the lead frame is very small. As a result,
the capacitively coupled signal is very small.
Generally, the inductively coupled signal will be
larger than the capacitively coupled signal. A larger
signal allows more accurate measurements to be made.
25 However, we have identified circumstances when the
inductively coupled signal will not be larger. When
miltiple components are connected to the. same node on the
printed circuit board, it is possible that the inductively
coupled signal will be smaller than the capacitively
30 coupled signal.
As described ih the aforementioned US patent
application 08/227,854, the conducting loop on the printed
¢circuit board is formed by imposing a bias current on the
. printed circuit board. This bias current forward biases
35 the substrate diode which inherently exists in
semicanductor components. If the substrate diode of the

2t
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A%‘ %gl(gg{c)lar]%t4gs for detecting manufacturing defects on a 2 . 008
prlnted circuit board according to cIa|n11 3 wherein the test
cohtrol neans conprises 4 a bed of nails (106), 5
a selector (108) connected to the bed of 6 nails, the at |east
one neter, and the blas 7 source, and 8 a
M 101 000580l n{ 2l SOMASCLES: ad "2l turm o vo1ph§E EnS €] 1

The appar at usubstratad etiicdeg ofinetleet Wwompgnentecittanhed 2o the sgme nt ed
circuit boargoggCapdllng ‘Ehﬁl 8188 leurdent will flow HHcPikReCehesPi I al

ant enna el enent conpri ses first antenng el errent 16) wound
cl ockwi se angouPen eits raé%‘@ﬁn&“%t%é’%@ﬂﬁﬁ? &g 3

counter-c§ ockitsbe bias current flows into the component under test,
its substrate diode will not be fully forward biased. In
that case, a very small signal is induced on the board.
Further, the bias current flow into other components on the
node forward biases their substrate dicdes. The forward
10 biased diodes represent alternative conducting paths which
form a voltage divider, further reducing the sigmal
available for measurement. _
Thus, for specific leads of a component under test,
capacitive coupling may provida a larger signal and
15 therefore a more accurate result. We have recognized that
a significant advantage can be obtained by providing a
manufacturing defact analyzer which could test components
using either capacitive coupling or inductive coupling. We
have also recognized that a significant advantage could be
20 obtained with a manufacturing defect analyzer which can be
easily configured for either capacitive coupling tests or
inductive coupling tests and that this reconfiguration
"could be performed on a pin by pin basis.
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thod of testing a printed ¢itcuit board (100) having 2 aP' 004

plurality of conponents \ conponent 3 havi ng a
plurality of |eads connemmmmg"muﬁﬁ&ﬂ'lve 4 traces on the printed
circuit board, conprising the # s steps of: 6 (a) configuring a
sensor (104) near a first one of 7 the plurality of conponents

for generating a netic field in the vicinity of the first 9
conmponent, V\hereivﬁ‘?%éi‘sc&lrﬁ'ﬁﬁaﬁﬁﬁ in step (a) 10 conprises the
substep &f applAs aprerkitust £&F ddtecting manufacfgrialy defeststaw fnds (220A,
220C) of A first deinted circuit EM@'(l%@QeHQ@i%Whﬁaiég, o£15B) on a
first 13 Ia%g_'r gﬁ,g; of the%\_)%%nsogb 4 .. (b) neasuring a
vol t age ifhduced b‘§/°1?q‘Pé‘ ﬁn R ereto, compxiging oop on the
printed dircuit board anElurailigy16f sensors (104h for steawiwiof ahd | eads of -
the firsts coNponeginereting elefgg%ma&fégi'cggigg s U9 HENIBkn( 48d30d OF

generati.ng an 18 . ric fiel 0) 1nthe vicipity of the
First 19 being HINERR, SRR TP e tBE FOTRAISA} S n SEBp () 20

conpri ses’ t he subsémspofhamiphyangleaseohed sBEr21 antenna elemestgnal bet ween

the firstgspiral gg,gan%lngngﬂtazgi%snt g_agggor%l?xpd @:i‘l%%g?glspi ral antenna

el enent (217A, 21 [ [ alyer of the sensor;
24 9(d) neaR o ergpkchorpingy ac SPRANET R \Patdy Pesween a
fromthewensor, firstiglerminadd(220ANheunid @Skedbnd terminal (220Qppnent to a

detoct i M a et ect o Phoisatifng simat el gk adlh (0

detecting a defect on rinte when the
nmeasur ed-&ol t age gWitgehaldva conpeedore each sensor,
13 at least one meter (114A, 114B) switchably _
14 connected to the printed circuit board for measuring
15 elther voltage or current signals on the board,
16 a bias source (112) switchably connected to the
17 printed c¢circuit board for forming a conducting loop on
18 the board, and -
19 test control means (124) for controlling both the
20 coupling of the sigmal source to sach sensor and the
21 connacting of the meter to the printed circuilt board,
22 wherein the test control means connects one of the
23 plurality of sensors to allow a current flow between
24 the first and second terminals and measures a test
25 signal inductively coupled between the printed circuit
26 board and the one of the plurality of sensors,
27 characterized in that: .
28 aach sensor has at least one spiral antenna
29 element (217A, 217B) on a second layer (212), the
30 spiral antenna element on the second layer forming a
31 conductive path between a third terminal (220B) and a
32 fourth terminal (220D),
33 the test control means connects one of the
34 plurality of sensors to allow a current flow between
5 . the first and second terminals and between the third
- 15 -

AMENDED SHEET




ALY, YUN-BI' A MUCNCHEN UL v O =9l 10:0g e T4 B ZIYIHLECHEH b

~AF§IB7;2—8"9”MQN) 08':0:30 " value or when the measured current is bePlgg\;

a 31 t hres img{- The nethod of claim8, 2
wherei n the measuring Dmmmﬁ‘“m“m ises 3 connecting a bias
source (112) in the | o0p. ¢ . $he*nethod of claim8, 2

wherein the nmeasuring in step (b) and the 3 measuring in step (d)

the meadfiring | neBOCEOVES SRIIABLE. Snd meAmTe Prbevh TBEY o) | nvolve |
di ffered? | eads. indictively lmoupdedotetdedai adha prifted circuit boakdrein the
configuggng I SR EAd S4¢ WEhnd plura1 fAYE B8RsbDE, Suthet cps Of
connecting the two ends of 4 the t1Irst spiral antenna el enent
togethe?? and the tast control means comnects one of the

40 plurality of sensors to prevent a current flow between

41 the first and second terminals and between the third

42 and fourth terminals and measures a test signal

43 capacitively coupled between the printed circuit board

44 and the one of the plurality of sensors. .
2. The apparatus for detacting manufacturing defects on a

printed circuit board according to claim 1,

- wherein the test control means comprises a switch
matrix (118) for connecting the first and second
terminals together and the third and fourth terminals
together, thereby preventing current flow between the
terminals.

S o0 W NP

3. The apparatus for detecting manufacturing defects on a
printed circuit board according to claim I,
wherain the tast control means comprises a switch
matrix (118) for connecting the at least one signal
source between the first and second terminals and
between the third and fourth terminals, thereby
allowing current flow between the terminals.

N aau b WP

4, The apparatus for detecting manufacturing defects on a
' printed circuit board according to claim 1,
wherein the test control means comprises

a bed of nails (106),

a selector (108) connected to the bed of
nails, the at least one meter, and the bias
source, and

a microprocessor (124) connected to the at
lgast one meter and the selector.

0 o N 6 N o W N
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5A’PR.'-28 97CIMQMeg§:i1Rg two ends (220B; -226B)- of the second spiral 6 P. 006
antenna el enent togeth

e A

1§, The apparatus for detecting manufacturing defects on a

2 printed circuit board according to claim 1, '

3 wherein each spiral antenna element comprises a
4 first antenna element (216) wound clockwise and a

5 second antenna element (214) wound counter-clockwise.

1 6. A method of testing a printed circuit board (100) having

2 a plurality of components'(loz) with each component

3 having a plurality of leads connected to conductiyve

4 traces on the printed circuit board, comprising the

5 steps of:

[ (a) configuring a sensor {104) near a first one of

7 the plurality of components for generating a

8 maguetic field in the vicinity of the first

9 component.,, wherein the configuring in step (a)
10 comprises the substep of applying a first RF

11 signal across two ends (220A, 220C) of a first
12 spiral antenna element (2157, 215B) on a first
13 layer (210) of the sensor:
14 {b) measuring a voltage induced by the magnetic field
15 in a loop on the printed circuit board including
16 a first one of the leads of the first component:
17 (¢) configuring the sensor (104) for generating an
18 electric field (310) in the vicinity of the first
19 component, wherein the configuring in step (c)
20 comprises the substep of applying a second RF
21 signal between the first spiral antenna element
22 and a second spiral antenna element (217A, 217B)
23 on a second layer (212) of the sensor;
24 (d) measuring a current flow capacitively coupled
25 from the sensor, through a lead on the first
26 component to a trace on the printed circuit
27 | board; and
28 (e) detecting a defect on the printed circuit board
29 when the measured voltage is below a threshold

- 17 =
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val ue or the masuredimﬂﬂmlm ’ a threshold 19 val ue. 1
16. The method of cl E,ﬂ"é step of neasuring 2 vol t age
conprises first connectlng a‘ bi'as Ssodrce in the 3 | oop. 1 17. The -
met hod of claim 15 wherein the steps of neasuring a 2 voltage in a
| oop i n¥duding a | eadvahie rmsmungheuﬁé@sure’a current i®ugi oy kead invol ve
t he sanfllead §P ﬁg of claim 15 wherein the steps of
nmeasuring a 2 0 ¥age i'n"a Toop including a | ead and measuring
current 3 through a lead involve different |eads. 1 19. The
met hod of chai PhéSmetsEicE haimtgp of configuring a2 sensor to
generate,a magnetic f ONRri ses. a an RE SI nal across
Pvo ends2or at st cHistett e palalhing' 1 gten () Bhubisd 0T OT
met hod o} cl ai m connacking & kdast spunte chifZ)gdni Fhealgop. sensor to
generate an e!ectric field conprises 3 connecting the two ends of the
first cogdu%{|¥ge aghoa of alaih together

2 wherein the measuring in step (b) and the

3 - measuring in step (d) involve the same lead. B

1 9. The method of claim 8,

2 wherein the measuring in step (b) and the

3 measuring in step (d) involve different leads.

1 10:. The method of claim 8,

2 wherein the configuring in step (¢) further

3 ‘comprises the substeps of comnecting the two ends of
4 the first spiral antemna element together, and

5 connecting two ends (220B, 220D) of the second spiral
6 antenna element together.

- 18 -
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sensor to generate an electric field conprises applying P .
IMEIgnduct i ve

signal betwee first copductive tra o Secon
trace, with tg:ééi st and sggﬁwuﬁ%fﬁgﬁwwgwraces bef di sposed

i n par aly¢he R FORBL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

212 The et ho#sof claim 19 wherein the step of configuring a 'R”“‘ '-S\éop\fj
RF

(51) International Patent Classification 6 : (11) International Publication Number: WO 96/29610
- A2 » - |
GOIR 31,304 (43) International Publication Date: 26 September 1996 (26.09.96)
i (21) International Application Number: PCT/US96/01287 | (81) Designated States: CN, JP, KR, SG, European patent (AT, BE,
CH, DE, DK, ES, FR, GB, GR, [E, IT, LU, MC, NL, PT,
(22) International Filing Date: 2 February 1996 (02.02.96) SE).
(30) Priority Data: : Published
08/405,478 16 March 1995 (16.03.95) Us Without international search report and to be republished
’ upon receipt of that report. '

(71) Applicant: TERADYNE, INC. [US/US]; 321 Harrison Avenue,
Boston, MA 02118 (US). :

(71)(72) Applicant and Inventor: SHEEN, Timothy, W. [YUS];
160 Foster Street, Brighton, MA 02135 (US).

(74) Agent: WALSH, Edmund, J.; Teradyne, Inc., 321 Harrison
Avenue, Boston, MA 02118 (US).

(54) Title: MANUFACTURING DEFECT ANALYZER WITH IMPROVED FAULT COVERAGE

124

CONTROLLER

122A “ J 106
SELECTOR

108 —| SELECTOR

- I | 114A
: v

Ve

112 b 114B

N

s

A manufacturing defect analyzer for printed circuit boards which can detect open circuit faults between leads of components and
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