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(54) METHOD AND APPARATUS FOR DIAGNOSING FAULTS
IN ELECTRONIC ASSEMBLIES          (71)   We, WESTERN  ELECTRIC COM-
determinable that at least one chip in a       PANY, INCORPORATED of 195
Broadway, parallel array is faulty, it is not easy to       New York City,
New York State, United  determine  which  of  the  plurality  of
States of America, a Corporation organised  integrated-circuit chips is
faulty. In order to     5 and existing under the laws of the State of be
able to take advantage of the repair- 50       New York, United States of
America, do  ability of these electronic assemblies, one       hereby
declare the invention for which we  must have the capability of identifying
de-       pray that a patent may be granted to us, fective ones of the
individual integrated-       and the method by which it is to be per-
circuit chips in the event of such a failure.    10 formed, to be
particularly described in and    In more conventional electrical systems,
55 



by the following statement: -           it is possible to identify a faulty
one of a         This invention relates to methods and  number of
electrical units connected in       apparatus for diagnosing faults in
electronic  parallel by connecting meters or other       assemblies. More
particularly, the invention  diagnostic tools directly to the separate
units.    15 relates to diagnosis of faults in electronic  However, the
systems involved in integrated 60       assemblies having a plurality of
semi- electronics are extremely small, the inte-       conductor devices
interconnected in parallel. grated-circuit chips being in the order of
The  field  of integrated-semiconductor  magnitude of 1 / 16 inch square
and the inter-       electronics has developed to a compromise  connecting
circuit paths being printed lines    20 position  between  extremely  large
scale  in the order of magnitude of 0.002 inch 65       integration and use
of discreet active devices, wide. Use of conventional meter connection
This compromise position is manifested in  techinques on these small
geometries is       electronic assemblies which consist of sub-
impracticable. Even if small probes are used       strates with printed
interconnection patterns for connection of meters, there is a possibility 



25 having a plurality of small integrated- for causing  irreparable damage
to the 70       circuit chips bonded to the interconnection  delicate
interconnecting printed lines.       pattern. Such assemblies are described
by    It is therefore, an object of the invention       E. D. Reed in an
article entitled "Integrated  to provide a diagnostic system for
identifying       Electronics", page 258 of The Bell Labora- any faulty
semiconductor devices among a    30 tories Record, Vol. 47, No. 8,
September, plurality of such  devices connected in 75       1969.
parallel.         These electronic assemblies have advan-   According to
one aspect of the present       tages over very large scale integrated
units  invention there is provided a method for       in that separate
integrated-circuit chips can  distinguishing between faulty and non-faulty
35 be replaced if they are determined to be  semi-conductor devices among a
plurality of 80       faulty without a need for discarding the  such
devices connected in parallel to con-       entire assembly. It has been
difficult how-  ductors, said method comprising applying to       ever, to
take advantage of this desirable  the conductors a signal with
predetermined 



characteristic of this form  of electronics characteristics, transferring
disturbing energy    40 assembly  because, in  many  cases, the  into the
semiconductor devices from a source 85       integrated-circuit chips are
connected along  by a phenomenon not requiring a substantive       parallel
interconnection paths. In such paral-  transmission media, detecting
variations in       lel arrangements, a faulty integrated-circuit the
characteristics of said signal due to the       chip will result in an
entire assembly func-  action of the disturbing energy, detecting    45
tioning improperly. Thus, while it is readily  dissimilarities in changes
of signal character- 90       [Price 25p]       
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2     istics produced by each faulty device to  conductor devices or
beam-lead integrated-    thereby distinguish each such device as being
circuit chips bonded to a metallic inter-    faulty.
connection pattern. Typically, a number of      According to another aspect
of the present interconnection paths exist for functions like  5 invention
there is provided apparatus for providing power, providing timing pulses 70
identifying faulty semiconductor devices in  and providing information
inputs to the    an assembly including a plurality of semi-  chips 24. For
purposes of illustration, one    conductor devices connected in parallel of
these parallel paths, that associated with    across conductors, comprising
means for  power, is highlighted in FIG. 1 and is 10 providing a
predetermined signal across  identified by the numeral 26.         75
said conductors, means for disturbing the    Attention can be focused on
the power 



plurality of semiconductor devices in turn, path 26 while bearing in mind
that problems    means for detecting the variation of signal relating to
the power path may similarly    characteristics due to the disturbance
applied  exist in any one of a multitude of other 15 to the devices whereby
an operator may  parallel paths. If after final testing of the 80
identify as faulty any semiconductor device  electronic assembly 20 an
improper amount    which produces a variation in signal not of current
flows through the power path 26,    typical of the variation produced by
the  one can surmise that one of the integrated-    majority of
semiconductor devices.      circuit chips 24 is not functioning properly 20
In the preferred embodiment of the inven- with respect to power.
85    tion, a signal of predetermined characteristic    FIG. 2 shows a
diagnostic tool whereby    is placed across a parallel interconnection  the
integrated circuit or chips 24 which are    pattern on which a failure has
occurred and  fault  can be identified. A  conventional    then directing a
source of disturbing energy  micrometer-driven positioner assembly 28 is 25
onto each of the semiconductor devices which  used to support the
electronic assembly 20 90 



are connected on the parallel interconnection  under a highy directional
source 30 of    pattern. As each of the devices is subjected  radiant
energy. Advantageously, this source    successively to the disturbing
energy, a  30 can be constructed of a conventional    change in the signal
characteristic on the  microscope lamp with a tungsten filament. 30
interconnection path is noted. A  semi-  It is important, of course, to
isolate the 95    conductor device which produces a change  radiant energy
to only one of the chips 24.    dissimilar to the changes associated with
Thus, it is necessary to use a lens system    the majority of the
interconnected semi- which will focus the energy with sufficient
conductor devices can be identified as faulty, accuracy to accomplish the
desired isolation. 35  The present invention will be more readily  A
microscope lamp available from American 100   - understood  from  the
following detailed  Optical Co., Rochester, N.Y., designated as
description of specific embodiments thereof model 653 has been found
suitable for this     when read in conjunction with the ac- purpose.
companying drawings, in which:               A test unit, designated
generally by the 



40  FIG. 1 is a plan view of an electronic  numeral 32, is connected to the
power path 105     assembly on which the embodiment is utilised  26. The.
test unit advantageously includes an     to effect repairs; and
oscilloscope 34, a digital readout unit 35 and       FIG. 2 is a
perspective view of diagnostic means for producing a signal of pre-
apparatus of the embodiment.               determined characteristic that
can be viewed 45  Illustratively, the inventive  diagnostic  on the
oscilloscope and read quantitatively 110     technique is described in
connection with  on the unit 35.     identifying faulty silicon
integrated-circuit   In performing the diagnostic method of     chips
connected in parallel on a flat substrate the embodiment an operator
establishes the     It is to be understood however, that the  predetermined
signal through the path 26. 50 diagnostic technique would be equally work-
The positioner 28 is used to manipulate the 115     able for other
semiconductor devices. Simi- assembly 20 so that one of the chips 24 is
larly, the technique will work in parallel- directly.in the path of the
source 30. Radiant     circuit arrangements, which are in nonplanar energy
from the source 30 then "stirs up" 



configurations.                            the silicon chip 24 by releasing
free charge 55  FIG. 1 shows a typical electronic assembly, carries within
the semiconductor material. 120     designated generally by the numeral 20,
Consequently, the signal emanating from     wherein the inventive
diagnostic technique  the test signal 32 is changed. An operator     has
usefulness. A detailed understanding of can note the change associated with
the     the nature of such an assembly can be had  subjection of the chip
24 to radiant energy  60 by referring to an articleentitled "Assembling  by
looking at the oscilloscope 34 and the 125     Beam-Lead   Sealed-Junction
Integrated- unit 35. After the change is noted, the     Circuit Packages"
by M. P. Eleftherion in  positioner 28 is moved so that another one     the
Western Electric Engineer, December, of the chips 24 is brought under the
source     1967, pages 16-23. The assembly 20 includes 30. This next chip
24 is also stirred up by  65 a substrate 22 and a plurality of semi- the
radiant energy and the change in signal 130   



3                                  1345767      associated with the
introduction of radiant and-effect relationship of the radiant energy
energy into that chip is also noted by the  and the change. The operator
need only see     operator.                                  that one of
the chips produced a change       This procedure is carried out on each of
different from most of the chips. That bit of  5 the chips 24 until one of
the chips produces  knowledge is enough to identify the different 70     a
change in signal which is unique or dis- chip as being the faulty one.
Thus, removal     similar to the changes produced by the  of that
identified chip provides a high 



majority of the chips. The chip 24 producing  probability of clearing the
fault existing in     the dissimilar change is then considered to  the
assembly. In the assembly shown in 10 be a faulty chip.
Fig. l the integrated-circuit chips are bonded 75       As an alternate to
the microscope lamp it  in position with their active sides down    is
possible to use a fibre optics bundle (not against the substrate 22.
Typically, in-    shown), the free end of which is positioned
tegrated-circuit chips are planar in shape    above the electronics
assembly.        and have active devices, such as transistors 15  It is
desirable to use a fibre optics bundle  and diodes, formed by diffusion
into one 80    having a cross-sectional area no larger than  surface,
usually known as the "active side"    the planar dimensions of the chip 24.
of the chip. The silicon structure of in-    As a further alternative, a
close-packed  tegrated-circuit chips is usually a good deal    array of
fibre optics bundles (not shown) thicker than necessary to accommodate the
20 can be arranged so that one of the electronic  active devices and the
side of the chip 85    assemblies can be placed under the array. opposite
the active side is displaced by the 



Each of the bundles can be provided with  thickness of the silicon. The
active side    an independent source of radiant energy. extends into the
silicon approximately .001    By programming switching of the sources inch
while the overall thickness of the chip 25 it is possible to apply radiant
energy is approximately 0.005 inch.            90    successively to each
of the chips without   When the chips 24 are bonded with the    having to
move the electronic assembly. The  active side down, it is necessary to use
programming of switching would, of course, radiant energy from the source
30 which    be related to the positioning of the chips on  will penetrate
the silicon of the chip and 30 the electronic assembly.
get to the active portions of the chip 20 so 95      A faulty one of the
chips 24 identified  that these active portions can be stirred as    by one
of the above procedures can then be desired. Thus, it is desirable to
utilise infra-    scraped away from the surface of the sub- red energy from
the source because infra-    strate 22 and a substitute chip can be used
red will penetrate substantial thickness of 35 to replace it. Such a
replacement technique silicon. A light source having a tungsten 100 



is described in an article by J. E. Clark, filament will produce energy of
a proper    R. C. Reinert and W. J. Valentine entitled  wavelength to be
transmitted through the    "Method and Apparatus for Removing  silicon body
of the chip for absorption within    Beam-Lead Devices from  a Substrate",
the active regions of the chip so that the 40 Techincal Digest of Western
Electric Co., desired disturbance will occur.       105    Inc., No. 15,
July, 1969, and in a paper by  In particular, while the apparatus of Fig.
J. E. Clark entitled "More about Beam- 2 is described as utilising radiant
energy to    Lead  Bonding" presented at NEPCON  cause a desired
disturbance in each succes-    West on the 11th February, 1970 at Ana- sive
semiconductor device, it is important to 45 heim, California in Specialised
Discussion  recognise that the invention is not limited to 110    Seminar
No. 7.                             utilization of radiant energy. A more
funda-      It is interesting to note that even though  mental quality of
the embodiment is that the    one of the chips 24 may include hundreds of
semiconductor devices are successively dis-    active semiconductor devices
and may be  turbed by a transfer of energy from a source 



50 arranged in an almost infinite variety of by a phenomena not requiring
substantive 115    ways, the diagnostic technique has a high  transmission
media. For instance, it is pos-    probability for success. It is not
really neces- sible to introduce energy by dynamic capaci-    sary to know
exactly what function of the  tive or inductive coupling of an energy
integrated-circuit chip the radiant energy  source with successive
semiconductor de- 55 has effected. The radiant energy may effect vices. In
other words, many forms of wave- 120    some capacitive characteristic and
also a  like energy transport phenomena would    change in the wave shape
of the test signal; achieve the desired disturbance. The dynamic    the
energy may cause some change in con- capacitive coupling would utilise an
electric    ductivity and resistivity and may change the  field, the
dynamic inductive coupling would 40 amount of current flowing through the
chip; utilise a magnetic field.           125    or the radiant energy may
cause some    It should be noted that none of the energy    combination
change in signal characteristics. transfer systems of the invention require
a      An operator doing the diagnosis, how- substantive transmission media
such as a 



ever, need not be concerned with the exact metallic conductor or even  a
gaseous 65 nature of the change or the exact cause- atmosphere. The systems
will, of course, 130        4
1345767                                          4      operate in the
presence of gases and the like  ceding claim, further comprising the step
of     but the presence of a substantive trans-  replacing each faulty
device with an effective     mission is not essential for operation. The
device. 



energy transfer is thus effected in a non-    8. A  method according to
claim  7,   5 destructive manner, and enables the faulty  wherein replacing
is accomplished by scrap- 50     semiconductor devices to be easily
identified.  ing the faulty device off the support for       WHAT WE CLAIM
IS:-                       the device and bonding the said effective
1. A method for distinguishing between  device on the support.     faulty
and non-faulty semiconductor devices   9. Apparatus for identifying faulty
semi-  10 among a plurality of such devices connected  conductor devices in
an assembly including 55     in parallel to conductors, said method com-  a
plurality of semiconductor devices con-     prising applying to the
conductors a signal nected in parallel across conductors, com-     with
predetermined characteristics, transfer-  prising means for providing a
predetermined     ring disturbing energy into the semiconductor  signal
across said conductors, means for dis- 15 devices from a source by a
phenomenon not turbing the plurality of semiconductor de- 60     requiring
a substantive transmission media, vices in turn, means for detecting the
varia-     detecting variations in the characterstics of tion of signal
characteristics due to the dis- 



said signal due to the action of the disturb-  turbance applied to the
devices whereby an     ing  energy, detecting  dissimilarities  in
operator may identify as faulty any semi- 20 changes of signal
characteristics produced  conductor device which produces a variation 65
by each faulty device to thereby distinguish  in signal not typical of the
variation pro-     each such device as being faulty.       duced by the
majority of semiconductor de-       2. A  method  according to claim  1,
vices.     wherein the semiconductor devices are in-    10. Apparatus
according to claim  9, 25 tegrated circuit chips;
wherein the said means for disturbing com- 70       3. A method according
to claim 1 or 2, prises a radiant energy source includes a     wherein the
means for altering the electrical micrometer-driven positioner whereby the
qualities of the semiconductor devices com-  semiconductor devices are
accurately located     prises radiant energy.                      with
respect to the source. 30   4. A method according to claim 1 or 2,   11.
Apparatus according to claim  10, 75     wherein the means for altering the
electrical wherein the radiant energy is infrared. 



qualities of the semiconductor devices com-   12. A method for
distinguishing between     prises an electric field.
faulty and non-faulty semi-conductor devices,       5. A method according
to claim 1 or 2, substantially as hereinbefore described with  35 wherein
the means for altering the electrical reference to the accompanying
drawings.  80     qualities of the semiconductor devices com-   13.
Apparatus  for  identifying  faulty     prises a magnetic field.
semi-conductor devices, substantially  as       6. A  method  according to
claim  3, hereinbefore described with reference to the     wherein the
semiconductor devices each have  accompanying drawings.  40 an active and
an inactive surface, and the     means for altering the electrical
qualities of      K. G. JOHNSTON     the device comprise infrared
radiation, said      Chartered Patent Agent.     radiation being introduced
through the in-         5, Mornington Road,     active surface.
Woodford Green, Essex.  45   7. A method according to any one pre-
Agent for the Applicants. 



Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1974.  Published at the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies
may be obtained.       4                                         1 345 767
4      operate in the presence of gases and the like  ceding claim, further
comprising the step of     but the presence of a substantive trans-
replacing each faulty device with an effective 



mission is not essential for operation. The  device.     energy transfer is
thus effected in a non-    8. A  method according to claim 7,   5
destructive manner, and enables the faulty  wherein replacing is
accomplished by scrap- 50     semiconductor devices to be easily
identified. ing the faulty device off the support for       WHAT WE CLAIM
IS: -                       the device and bonding the said effective
1. A method for distinguishing between  device on the support.     faulty
and non-faulty semiconductor devices   9. Apparatus for identifying faulty
semi-  10 among a plurality of such devices connected  conductor devices in
an assembly including 55     in parallel to conductors, said method com-  a
plurality of semiconductor devices con-     prising applying to the
conductors a signal nected in parallel across conductors, com-     with
predetermined characteristics, transfer- prising means for providing a
predetermined     ring disturbing energy into the semiconductor  signal
across said conductors, means for dis-  15 devices from a source by a
phenomenon not turbing the plurality of semiconductor de- 60     requiring
a substantive transmission media, vices in turn, means for detecting the
varia- 



detecting variations in the characterstics of tion of signal
characteristics due to the dis-     said signal due to the action of the
disturb- turbance applied to the devices whereby an     ing  energy,
detecting  dissimilarities  in  operator may identify as faulty any semi-
20 changes of signal characteristics produced  conductor device which
produces a variation 65     by each faulty device to thereby distinguish
in signal not typical of the variation pro-     each such device as being
faulty.       duced by the majority of semiconductor de-       2. A  method
according to claim  1, vices.     wherein the semiconductor devices are in-
10. Apparatus according to claim  9,  25 tegrated circuit chips.
wherein the said means for disturbing com- 70       3. A method according
to claim 1 or 2, prises a radiant energy source includes a     wherein the
means for altering the electrical micrometer-driven positioner whereby the
qualities of the semiconductor devices com- semiconductor devices are
accurately located     prises radiant energy.                     with
respect to the source.  30   4. A method according to claim 1 or 2.   11.
Apparatus according to claim  10, 75 



wherein the means for altering the electrical wherein the radiant energy is
infrared.     qualities of the semiconductor devices com-   12. A method
for distinguishing between     prises an electric field.
faulty and non-faulty semi-conductor devices,       5. A method according
to claim 1 or 2, substantially as hereinbefore described with  35 wherein
the means for altering the electrical reference to the accompanying
drawings.   80     qualities of the semiconductor devices com-   13.
Apparatus  for identifying  faulty     prises a magnetic field.
semi-conductor devices, substantialy  as       6. A  method according to
claim  3, hereinbefore described with reference to the     wherein the
semiconductor devices each have  accompanying drawings. 40 an active and an
inactive surface, and the     means for altering the electrical qualities
of      K. G. JOHNSTON     the device comprise infrared radiation, said
Chartered Patent Agent.     radiation being introduced through the in-
5, Mornington Road,     active surface.
Woodford Green, Essex. 
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