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comes high frequency information which must           PORATED, a
Corporation organised according  be carried by transmission lines for
efficient           to the laws of the State of Delaware, United
operation. When thirty or forty logic func-           States of America, of
13500 North Central  tions are formed on the same chip, the inter-       5
Expressway, Dallas, Texas, United States of  connections by thin film leads
are usually less  50           America, do hereby declare the invention,
than about fifty mils in length eliminating           for which we pray
that a patent may be  propagation delay problems and also usually
granted to us, and the method by which it  eliminating the requirement for
transmission           is to be performed, to be particularly des-  lines.
However, the large number of con-       10 cribed in and by the following
statement:-  nections between chips require a large num-  55
This invention relates generally to micro-  ber of transmission lines many
times longer           miniature electronic systems, and more par-  than
fifty mils. Thus, the problem of achiev-           ticularly, but not by
way of limitation, relates  ing high component density within the system
to high density arrays of integrated semicon-  is frustrated as much by the
large number        15  ductor circuits.                            of
transmission lines required for the inter-  60              In digital data
processing systems, the  connection of the logic functions on the various
speed of the system and the size of the memory  chips as by any other
factor. There are also            determines the quantity of data which the
many complex analog systems such as phased-            system can process
in a given period of time  array radar systems, infrared detector systems
20  and are therefore of prime interest. The  and the like which have need
for a compact  65            fabrication cost of the system as related to
microminiaturized interconnection system.            the quantity of data
which the system can    This invention is concerned with a semi-
process in a given period of time is also of  conductor array comprising a
flexible base            prime importance. Digital storage and logic  sheet
of homogeneous plastics material hav-         25  circuits in integrated
form having very high  ing a plurality of metal strip conductors  70
speeds of operation have been developed and  bonded to one surface. A
plurality of semi-             have considerable promise in digital system
conductor chips each having a plurality of             applications.
Integrated circuit yields have  metal expanded contacts formed on one sur-
been increased to the point where a large face are bonded to the base sheet
and loca-         30  number of logic functions can be economic-  ted
closely adjacent to the strip conductors. 75             ally performed on
a single semiconductor chip.  A means is provided for interconnecting
selec-             Although the logic functions on each chip can  ted
expanded contacts and selected strip con-             be interconnected by
multilayer thin film tech-  ductors such that the semiconductor chips con-
niques, the chip still requires a very large  nected by the strip
conductors into a common          35  number  of external connections. One
of the  high density electrical system. In one specific  80
principal costs involved in the construction  embodiment, the strip
conductors and expan- of a digital processing system using integrated  ded
contacts have gold surfaces and the con- circuits is the interconnection of
the chips. nector means comprises either a thermocom-              This
cost is to a large extent a result of the  pression bond between the strip
conductors          40  vast number of interconnections which must  and
expanded contacts, a gold jumper wire  85              be made.
thermocompression bonded to the respective                At high clock
rates, propagation delays be-  gold surfaces, or an aluminum  jumper wire
tween circuit chips become significant unless  ultrasonically bonded to the
gold surfaces.                the chips are very closely spaced. Also, at
The invention further contemplates a thin           45 high clock rates,
the digital  information be-  flexible  secondary  sheet of homogeneous  90
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2              material having a second set of strip conduc-  tially broken
away, illustrating details of             tors on one face thereof, the
base sheet and  struction of the array of Figure 11;             second
sheet being disposed in overlying rela-    Figure 17 is a plan view of a
section of the             tion with a  second set of conductors gener-
array of Figure 11; and        5  ally overlying and crossing over the
first set   Figure 18 is an isometric view illustrating  70            of
conductors. The second set of conductors  the process for fabricating the
assembly of            may be interconnected with the expanded  con-
Figure 11.            tacts on the semiconductor chip, or with the    In
the embodiments of the invention to be        first set of strip
conductors, either by a direct  described an array of circuit chips are
moun-        l0  thermocompression bond, a thermocompression  ted on a base
sheet of thin, flexible, high  75            bonded gold jumper wire, or an
ultrasonically   temperature plastics material known as H-
bonded aluminum wire.                         film having a first set of
gold plated, copper              In accordance with another aspect of the
strip conductors thermocompression bonded to           invention, the array
is elongated and the strip  the surface of the H-film. A second sheet of
15  conductors on either the base sheet or the  H-film  is disposed
generally parallel to the  80           secondary sheet extend to one
longitudinal  first sheet of H-film and has a second set of           edge
of the respective sheet  The elongated  strip conductors crossing over the
conductors           array is then folded into a small volume. This  of the
first set. Each circuit chip has a           substantially shortens the
distance and thus  plurality of expanded gold contacts. In one      20
propagation delays between different parts of  embodiment, the expanded
contacts are con-  85           the system, and also provides easy access
to  nected to the strip conductors of the  first           the system. In
another embodiment, the back  and second  sets either by a direct thermo-
surfaces of the sheets are metallized to form   compression bond, by a
thermocompression           microstrip transmission lines.
bonded gold jumper wire, or by an ultra -     25    The invention may best
be understood by  sonically bonded aluminum  jumper wire. In  90
reference to the following detailed descrip-  another embodiment, the
expanded contacts          tion of illustrative embodiments, when read in
are connected to conductors of the first set          conjunction  with the
accompanying drawings,  by a direct thermocompression bond, and the
wherein:                                      conductors of the second set
are connected      30    Figure 1 is a simplified plan view of an  to
conductors of the first set by thermo-  95         array fabricated in
accordance with the pre-  compression bonds. Any contact on any chip
sent invention;                               can be electrically connected
to substantially           Figure 2 is an enlarged plan view of a  any
contact on any other chip, or to external         small section of the
array of Figure 1;       circuitry. The flexible substrate is folded to
35    Figure 3 is a schematic end view of the  achieve high volumetric
density.                  100         array of Figure 1 folded in
accordance with    Referring now to the drawings, an array         the
present invention;                        constructed in accordance with
the present           Figures 4-7 are simplified sectional views  invention
is indicated generally by the refer-        illustrating four different
methods for inter-  ence numeral 10. The array 10 is comprised    40
connecting circuits on two sides of a base  of an elongated base sheet 12
on which are  105        sheet in accordance with the present inven-
mounted a plurality of chips 14 arrayed in            tion;
longitudinally extending rows and transversely          Figure 8 is a
partial isometric view  illus-  extending columns. A  plurality of
secondary        trating still another embodiment of the pre-  sheets 16
are bonded to the base sheet 12 and   45  sent invention;
have finger portions 16a which extend trans-  110          Figure 9 is a
sectional view  taken  sub-  versely of the base sheet between the columns
stantially on lines 9-9  of Figure 8;         of semiconductor chips 14,
and also tab por-          Figure 10 is a partial isometric view  illus-
tions 16b which  extend  beyond the longitu-       trating still another
aspect of the present in- dinal edges. of the elongated base sheet 12.
vention;                                A      large    number   of   strip
conductors    18    ex-    115         Figure 11 is a partial plan view
illustrating  tend longitudinally of the base sheet 12 gener-       still
another array in accordance with the pre-  ally between the longitudinally
extending rows       sent invention;                               of chips
14. The strip conductors 18 are illus-         Figure  12 is an  edge view
of the array  trated schematically in Figure 1, and in detail  55
illustrated in Figure 11;                      in Figure 2, although  it is
to be understood  120        Figure 13 is a plan  view  of a chip used
that a greater number of conductors can  be      in the array of Figure
11;                   provided if desired. A  number of strip conduc-
Figure 14 is a plan  view  of the base sheet  tors 20  extend  from   the
edges of the  tabs      of the  array  of Figure  11  illustrating  the
16b  along  the  finger  portions  16a  of  the 60  positions of the chips
in dotted  outline;   secondary  sheets 16, and  thus  extend  trans-  125
Figure  15  is a  partial plan  view  of the  versely of the base sheet 12
generally over the     back  side of the  secondary sheet of the  array
conductors 18.     of Figure  11  showing  the  positions  of the    The
base sheet 12 and  secondary sheets 16     chips in dotted  outline;
are typically about 0.001  inch  thick  and  the 



65    Figure  16  is a  partial isometric view, par-  strip conductors 18
and 20 are typically less  130         3
1,225,668                                           3    an 0.001 inch
thick and less than 0.002 inch  contacts and strip conductors using conven-
wide. The chips 14 are typically from about  tional ball bonding equipment
The strip con-      0.004 inch to about 0.010 inch thick and  ductors 18
and 20 may be prepared as des-      may range in dimensions from  about
0.020  cribed in copending application No. 19374/  inch on the smallest
side up to the maximum  68. Using 0.001 inch thick H-film to which  70
permitted by integrated circuit technology,  a copper film is
thermocompression bonded as     which is presently about 1.0 inch nominal
the stock material, the copper film is pat-     diameter slices with a
current goal of 3.0  terned by conventional photolithographic tech-
inch nominal diameter slices. The chips 14  niques to form  the conductors
18 and 20. 10  may include only a single active semicon-  The copper strip
conductors are then plated  75     ductor element such as a transistor, or
may  with gold as described in the above-referenced     include one or more
complete functional cir-  application. If the conductor pattern does
cuits in integrated circuit form. Integrated  not permit this approach,
then the stock     circuit chips having thirty or forty separate  material
can be first gold plated, then pat- 15  logic circuits on the same chip are
presently  terned using photolithographic techniques.    80      well
within the state of the art. It is also to    A suitable gold plating
process involves an      be understood that the chips may be ceramic
electroplating system in which the conductors      elements having
resistance elements formed  18 or 20, as the case may be, form the cathode
on one surface or hybrid microwave processing  in an acid plating solution
and pure gold 20  devices such as frequency multipliers, phase  foil sheets
form the anodes. The acid plating  85     shifters and the like formed by
microstrip  solution may be of the type purchased under     transmission
lines and semiconductor devices  the trade name Sel-Rex Temperex HD from
mounted on the surface of ceramic chips. In  Sel-Rex Corporation, 75 River
Road, Nutley,     any event, the chips 14 have a plurality of  New  Jersey.
An a.c. potential is applied 25  expanded metal contacts 22 formed on the
across the cathode and anode to produce a  90      top face of the
substrate 14. Selected expanded  negative current flow from  the another to
contacts 22 are connected to selected strip  the cathode during one half
cycle for plating      conductors 18 and 20 by jumper wires, typic-  gold
on the copper, and a positive current      ally 0.0007 inch in diameter.
flow during the other half cycle to repell 30    Both the base sheet 12 and
the second  hydrogen ions from the cathode and prevent 95     sheets 16 are
flexible, high temperature poly-  build up of hydrogen bubbles on the
plating     pyromellitimide plastics material commonly  surface. The
positive current is approxi-     referred to as H-film and sold under the
trade-  mately 20%  of the negative current. The     mark Kapton by DuPont.
The H-film is an  thickness of gold on the copper required to 35
infusible, nonflammable material with high  achieve the thermocompression
bondable layer l00     mechanical stability, excellent electrical pro-  has
not been measured, but the optimum     perties, and excellent resistance to
chemicals,  thickness can be rather easily determined by     water and
abrasion. These properties exist  an empirical approach. In general, if the
gold     throughout a wide temperature range from  layer is either too thin
or too thick, thermo- 40  liquid helium temperatures to over 400[err] C,
compression bonding cannot be achieved. The 105     and the material will
withstand temperatures  expanded contacts 22 are typically a solid     as
high as 400[err] C without any apparent ad-  gold layer deposited by
evaporation or RF     verse effects. H-film clad with various metal
sputtering as the final step in the fabrication     layers either
thermocompression bonded to  of the multilayer interconnection system  on
45  the sheet, or bonded with a binder, such as  the integrated circuit
chip 14.          110     Teflon (Registered Trade Mark), is presently
The jumper wires 24 may be gold wires     commercially available.  Although
commer-  0.0007 inch in diameter. In order to bond     cially available
H-film clad with a thin film  the jumper wires 24 to the various strip
of copper thermocompression bonded to the  conductors and expanded
contacts, the base 50  H-film is particularly suited for the present  sheet
12 is placed on a stage heated to a  115     invention, either Teflon
(Registered Trade  temperature from about 200[err] C to about 250[err]
Mark) film  or irradiated polyethylene film  C so that the base sheet, the
strip conduc-     to which metal films are thermocompression  tors and the
chips 14 will all be heated     bonded may also be used since these
plastics  generally to that temperature range, which 55  have similar
properties. Of course, it is anti-  is well below the normal melting point
of 120     cipated that additional similar stock materials  either gold or
copper. A capillary feeding     having the same physical characteristics
will  the gold wire is typically heated to about     become available in
the future and will be  300[err] C. The capillary feeding the gold wire
satisfactory for practicing the present inven-  lowers the end of the wire,
which is balled as 60  tion.                                      a result
of being previously severed by a 125 



In one specific embodiment of the inven-  flame in the conventional manner,
against the     tion, the strip conductors 18 and 20 and the  gold plated
conductor 18 or 20, as the case     expanded contacts 22 are gold plated,
and the  may be, and presses the balled end against     jumper wires 24 are
gold wires thermocom -  the conductor. As the result of the increased 65
pression bonded to  the respective expanded  pressure, the melting point
of the gold is 130         4
1,225,668                                           4      reduced and the
gold wire fuses to the gold  contact with the substrate of the chip.
plated strip conductor to form a good elec-  desired, a relatively low
temperature solder     trical and mechanical connection commonly  can be
used for this purpose because of the     known as a "ball bonded"
connection. The  large size of the chip and pad. The pads 5  capillary is
then moved upwardly, playing  on the base sheet 12 may be interconnected
70     out the gold wire as it is moved, to the ex-  by conductors
extending longitudinally of the     panded contact where the edge of the
wire is  base sheet 12 to provide good ground con-     pressed against the
contact to make a second  tact.     thermocompression bond.  The capillary
is    The base sheet 12 may be made substan- 10  then raised upwardly until
the wire can be  tially any width or substantially any length  75     cut
by the flame, and the remaining pigtail  so that a very large number of
chips 14 can be     removed by tweezers in the conventional man-  bonded to
the base sheet. The secondary sheets     ner. Thus, any two reasonably
adjacent strip  16 may be fabricated from a continuous strip     conductors
18 or 20 may be connected to  of H-film  stock and then punched out to 15
one of the expanded contacts 22 on a chip  form the individual secondary
sheets 16 after  80     14. Also, any two reasonably adjacent strip  the
strip conductors 20 have been formed and     conductors 18 and 20 may be
directly inter-  gold plated. The secondary sheets 16 may     connected by
a jumper wire using the same  then be secured in place on the base sheet
thermo-compression techniques.               12 using GE varnish cured in
the conven- 20    In the alternative, the jumper wires 24  tional manner,
or any other suitable insulating  85     may be aluminum and may be bonded
to the  material. As many of the secondary sheets 16     gold plated strip
conductors and expanded  as desired can be made into an integral sheet
contacts using a conventional ultrasonic bond-  and the finger portions 16a
may be intercon-     ing process, or another suitable low tempera-  nected
by cross members as required to faci- 25  ture process. The conventional
process of  litate handling, it being necessary only to  90     soldering,
however, does not permit the use  leave the underlying strip conductors 18
on     of strip conductors 18 sufficiently small to  the base sheet exposed
at the points where     make the structure of the present invention  a
jumper wire is to be ball bonded to the     commercially attractive because
of the marked  strip conductor 18. 30  tendency for solder to flow between
the small,    After the array 10 has been assembled in  95     closely
spaced strip conductors.          the manner described, it may be folded in
The array 10 can be assembled after the  accordion fashion substantially as
illustrated     base sheet 12 and secondary sheet 16 have  in Figure 3 so
that all of the tab portions 16b     been fabricated by first securing the
chips 14  are disposed generally in adjacent relation- 35  in place on the
base sheet 12 using either a  ship. Contact can then be made with the strip
100     suitable synthetic resin such as GE varnish  conductors 20 on the
tab portions 16b on the     if electrical contact is not required with the
secondary sheets 16 by  H-film  connector     substrate of the chip, or a
thermocompression  sheets 26 having strip conductors 28, shown in     bond
or soldering process if electrical contact  dotted line, which are of the
same size and 40  is required.                                  spacing as
the conductors 20 at the edge of 105       In the first case, the chips 14
may be placed  the tab portions 16b. The connector sheets     in a suitable
holder with the back sides of the  26 are inverted so that the strip
conductors     chips facing upwardly. The back sides of the  28 are
directly in contact with the strip con-     chips may then be coated with
the GE varnish  ductors 20. The secondary sheets 16 are then 45  and the
base sheet inverted, aligned, and  placed on a table heated to about
200[err]-  110     pressed against the coated portions of the  250[err] C
and a very narrow tool extending     chips. Alignment of the base sheet 12
to  across the width of the tab portion 16b that     the underlying chips
14 is easily accomplished  is heated to about 300[err] C brought to bear
since the base sheet 12 is highly translucent.  against the surface of the
connector sheet 26 50  The GE varnish can then be cured in the  to press
the gold plated strip conductors to- 115     conventional manner by backing
at a relatively  gether and form a direct thermocompression     low
temperature of about 150[err] C.  Teflon  bond between the respective mated
strip con-     (Registered Trade Mark) may also be used  ductors. The
connector sheets 26 may then be     to bond the chips in place or to
provide elec-  connected to the peripheral circuits of the 55. trical
insulation where needed as hereafter  system. The connector sheets 26 may
in turn  120     described.                                   be the base
sheet for the input addressing logic 



If the substrates of the chips 14 are to be  function, the shift registers,
or other logic,     grounded, metal pads can be formed on the  or the
logic for processing the stored data     base sheet 12 as part of a ground
strip con-  and  reading the data out of the memory. 60  ductor at the same
time the strip conductors    When the base sheet 12 is folded as shown  125
are formed and gold plated. The back sur-  in Figure 3, the tabs 16b are
located in close     faces of the chips 14 may also be gold plated.
proximity. Thus, by interconnecting selected     The two gold surfaces can
then be thermo-  tabs, remote chips in the memory can be     compression
bonded to both secure the chips  interconnected by a conductor on the
connector 65  14 on the base sheet 12 and provide electrical  sheet 26 of
much shorter length then by a  130           5
1,225,668                                            5            conductor
extending the length of the base  longitudinal row shown in Figure 2 in
order             sheet 12.                                    to provide
either D.C. power, a ground con- The back surfaces of the base sheet 12,
the  nection, a clock pulse, a "set" or "reset"             secondary
sheets 16, and the connector sheets  signal, or any other signal which must
be          5  26 can be metallized to form a ground plane.  applied to
chips in the column since the  70             Then each strip conductor
forms a micro-  strip conductors 18a extend throughout the
strip transmission line having a characteristic  memory. Individual logic
inputs or logic out-             impedance determined primarily by the
width  puts may be supplied to the respective chips             of the
strip conductors and the thickness and  14 by the strip conductors 20, as
represented         10  dielectric properties of the H-film or other  by
strip conductors 20a to contacts 22b and  75             sheet material.
The entire array 10 may be  jumper wires 24b. Chips 14 in the same
coated with GE varnish to protect the jumper  transverse column may be
interconnected as             wires, and then immersed in a suitable non-
by strip conductors 20b and jumper wires             conductive cooling
fluid, such as oil. If neces-  24c and 24d. Adjacent chips in adjacent
trans-         15  sary, insulating sheets 17 of H-film may be  verse
columns may be interconnected by a  80             placed between the
adjacent folds of the  strip conductor 18a on the base sheet 12
array as represented in Figure 3.            and jumper wires 24e and 24f
since the strip                It will be appreciated that the array 10
conductor 18a passes under the finger 16a.             may have an
extremely high density of func-  Of course, if the chips 14 are bonded to
20  tional circuits. For example, if the chips 14  the base sheet 12 by a
nonconductive material 85             are 0.125 inch by 0.250 inch and have
forty  such as GE varnish, then the strip conduc-             logic
functions per chip, a base sheet four  tors 18a may extend under the chips
14,             inches wide can carry about ten chips in each  thus giving
added versatility for the intercon-             transverse column with
0.125 inch spacing  nection of two remotely located chips 14.         25
between the ends of the chips. Then in any  Thus, a conductive path may
cross under any  90             four inch length of the base sheet, there
one of the finger portions 16a and the strip             would be sixteen
transverse columns, giving  conductors 20 thereon. Similarly, the strip
a total of one hundred sixty chips in the four  conductors 18 on the base
sheet can be             inch square. Thus, there would be a total of
bridged by a strip conductor 20d on one of         30  6400 logic functions
in the four inch square,  the fingers 16a and a pair of jumper wires  95
giving a density of four hundred logic func-  24g and 24h.
tions per square inch. Assuming a total thick-    As mentioned, it will
usually be desirable             ness of 0.025 inch for the base sheet and
for the strip conductors 18 and 20 to be             chips when folded,
there would be forty folds  microstrip transmission lines for carrying high
35  per inch, giving a volumetric density of 16,000  frequency information.
This can be achieved  100             logic functions per cubic inch. It
should also  by providing a metal layer on the opposite             be
noted that by using 0.001 inch strip con-  side of each H-film sheet to
provide a ground             ductors on 0.002 inch centers, as many as
plane.  The characteristic impedance of the             fifty strip
conductors could be placed on each  microstrip transmission line will then
be a         40  of the fingers 16a, and as many as fifty  function of the
thickness and insulation pro- 105             strip conductors 18 placed
between the adja-  perties of the H-film, and the width of the
cent ends of the chips 14. In addition, as  strip layers 18 and 20. Of
course, it will be             many as one hundred twenty-five strip con-
appreciated that if a metal ground plane is             ductors can extend
directly under the chips  provided on the back surface of the secondary
45  14 if the chips 14 are mounted using GE  sheet 16, then the secondary
sheets must be 110             varnish rather than being bonded to a metal
electrically insulated from the microstrip trans-             pad. When
using the GE varnish, the chips  mission lines 18. This can be achieved
using             14 can be bonded directly over the tops of the  GE
varnish or other suitable nonconductive             strip conductors 18 and
the GE varnish will bonding material to bond the secondary sheet         50
provide the necessary electrical insulation.  16 to the base sheet 12.
115                It is also important to note that the longi-   In the
event a ground plane is not required             tudinally extending strip
conductors 18 and  for the base sheet 12, strip conductors can
the overlying transversely extending strip con-  also be provided on the
back face of the base 



ductors 20, together with the capability to  sheet as illustrated in Figure
4 by the refer-         55  interconnect the strip conductors 18 and 20,
ence numeral 30. In such a case, the conduc- 120             and
interconnect the conductors 18 and 20  tors 30 on the back face of the base
sheet 12 and the expanded contacts 22, substantially  may be connected to
either the conductors 18             any expanded contact on substantially
any  on the front face of the base sheet 12 or the             chip in the
array can be connected with  strip conductors 20 on the secondary sheet
60  substantially any other expanded contact on  16 by an H-film  strap 32
having strip conduc-  125             substantially any other chip in the
array, or  tors 34 formed thereon and jumper wires 36,             can be
connected directly to  the output of the  and 40. The H-film of the strap
32 may be             array. In Figure 2 for example, jumper wires  bonded
over the strip conductors 18 and 30             24a may interconnect strip
conductor 18a  using GE varnish as heretofore described. It         65  and
contacts 22a on each chip 14 in the top  will be noted that the end of the
strap 32 on  130        6
1,225,668                                          6      the bottom
surface is staggered from the end  Then the strip conductors 62 and 66 can
of the top surface. This permits first the  connected to selected expanded
contacts 22     jumper wire 36 to be bonded, then the jumper  using ball
bonded jumper wires 24 as here-     wire 40, while allowing the jumper wire
36  tofore described, or interconnected  using 5  to overhang the edge of
the heated table.    jumper wires.                                70
In the event that only the conductors 18    In the alternative, the strip
60 can be in-     on the front face of the base sheet 12, verted so that
the strip conductors 62 directly     are to be connected to the conductors
30  engage expanded contacts 22 on the surface     on the back face of the
base sheet 12, an  of the chip 14, and a thermocompression 10 H-film strap
42 having gold plated strip con-  bond made between the contacting portions
of 75     ductors 44 may be inverted, when compared  the expanded contacts
22 and the strip con-     to the strap 32, so that the ends of the strip
ductors 62. If the strip 60 is inverted in this     conductors 44 directly
contact the correspond-  manner, the strip 64 may also be inverted and
ing strip conductors 18 and 30 as shown in  the strip conductors 66
directly thermocom- 15 Figure 5. Then thermocompression bonds 46  pression
bonded to selected expanded contacts  80     may be made between the ends
of the strip  on the top surface of the chip 14. Of course,     conductors
44 and the strip conductors 18 and. a metal ground plane may be included on
the     thermocompression bonds 48 made directly  back surface of either or
both of the H-     between the ends of the strip conductors 44  film strips
60 and 64 provided that adequate 20  and the strip conductors 30.
insulation is placed between crossing strip  85        In some instances,
it may be desirable to  conductors and the ground plane.     mount chips 14
on both faces of the base    Another aspect of the invention is illus-
sheet 12 as illustrated in Figure 6. In such  trated in Figure 10. A strip
conductor 18     a case, a strap 50 having strip conductors  on the base
sheet 12 can be connected to a 25  52 may be used to interconnect the ex-
strip conductor 20 on a secondary sheet 16  90     panded contacts 22 on
the chips 14 by bond-  by a jumper wire 24 extending through an     ing the
ends of the strap 50 to the surfaces  opening 68 in the secondary sheet 16
which     of the chips 14 using GE varnish and then  overlies the conductor
18. The jumper wire     interconnecting the ends of the strip conduc-  24
may be a gold wire thermocompression 30  tors 52 and the expanded contacts
22 using  bonded to the conductors, or an aluminum  95     ball bonded
jumper wires 54 and 56. Or in  wire ultrasonically bonded as heretofore
des-     the alternative, the straps 50 may be inverted  cribed. It should
also be appreciated that the     as shown in Figure 7 and the ends of the
chips 14 can be mounted on the secondary     strip conductors 52
thermocompression bonded  sheet 16 and the expanded contacts on the 35
directly to the expanded contacts 22 merely  chips connected to the strip
conductors 18 on 100     by heating the chips 14 to about 200[err] C  the
base sheet 12 through openings in the     and pressing the ends of the
strip conductors  secondary sheet 16 substantially as illustrated
against the  expanded contacts using a tool  in Figure 10. The aperture 68
may be formed     heated to about 300[err] C.                 either
mechanically or chemically. 40    In the event where it is desired to put
chips    Another array in accordance with this in- 105     and/or
conductors on both faces  of the base  vention is indicated generally by
the reference     sheet and also have ground planes, two H-  numeral 100 in
Figures 11-17. The array     film sheets may be provided with metallized
100 is comprised of base sheet 102, a plur-     ground planes, and disposed
back to back with  ality of integrated circuit chips 104, and a 45  the
ground plane sandwiched between the H-  secondary sheet 106. The base sheet
102 and  110     film base sheets.                            the secondary
sheet 106 are both of the same       In the event where the strip
conductors  material as the base sheet 12 heretofore des-     18 and 20 do
not provide a sufficient num-  cribed and have strip conductors formed
there-     ber of strip conductors, a second level of  on in the same
manner. 50  longitudinally extending strip conductors may    The chips 104
are typically integrated semi- 115 



be provided by an H-film sheet 60 having  conductor circuits and for
purposes of illus-     strip conductors 62, and a second sheet of  tration
have twelve expanded gold contacts     transversely extending conductors
can be pro-  lettered A-L as indicated in Figure 13. It     vided by H-film
strips 64 having strip con-  will be understood, however, that the inte- 55
ductors 66 thereon as shown in Figures 8  grated circuit chips 104 may have
a much  120     and 9. The H-film  strips 60. and 64 can be  larger number
of expanded contacts, and may     mounted in crossed configuration and
bridging  be of substantially any size as heretofore des-     the adjacent
chips 14. H-film strip 60 may  cribed in connection with chips 14.  The
be mounted directly on the longitudinally ex-  chips 104 are arranged in
columns extending 60  tending rows of chips 14 using GE varnish
transversely of the base sheet 102, and in 125     cured in the
conventional manner, and the  rows extending longitudinally of the base
H-film strips 64 may be mounted over the  sheet 102, as represented by the
dotted out-     conductors 62 on the longitudinally  extending  lines in
Figure 10. The chips 104 are secured     strips 60 and on the  surfaces of
the trans-  to the base sheet by thermocompression bonds 65  verse rows of
chips 14 with GE varnish. between the expanded contacts on the chips  130
7                                           1,225,668      a  strip
conductors on  the base sheet 102. Also, at least a portion of each strip
conduc-     The secondary sheet 106 is secured to the  tor 112-114 is
always provided under the     base sheet 102 by thermocompression bonds
expanded contact areas A, B, C and G, H, I     between the strip conductors
on the two  to provide a uniform means for mechanically 5  sheets, as will
presently be described in detail. securing the ends of the chips 104 to the
base  70       The strip conductors on the base sheet 102  sheet. The
electrical circuit to any one of     are patterned as shown in Figure 14
where  the expanded contacts A, B, C, G, H or I     the dotted outlines 104
represent the posi-  of any chip can be selectively opened by     tion the
chips 104 occupy on the base sheet  eliminating a portion of the strip
conductor 10  102. Three strip conductors 108, 109, and  between the center
bonding strip and the  75     110 extend generally transversely of the base
portion overlying the contact C, as represen-     sheet 102 beneath  each
transversely extending  ted at 114a.     column of chips 104. These three
strip con-    The secondary sheet 106 has three longi-     ductors are
representative of a large number  tudinally extending strip conductors 116,
117, 15  of strip conductors which may extend beneath  and 118, as shown in
Figure 15, which are  80     each column of chips. Conductor 103 is con-
spaced to be aligned with the conductors 112,     tinuous and is disposed
slightly offset from   113, and 114 on the base sheet 102. A portion
contacts L and D of each of the chips 104.  of each of the conductors
116-118 which is     A leg 108a extends under each of the ex-  positioned
to overlie the center portion of the 20  panded contacts L of each chip
104. Thus, the  conductors 112-114 is always left to provide  85     same
contact of all chips in the column are  a means for uniformly securing the
secondary     interconnected by the conductor 108, such  sheet to the base
sheet by thermocompression     that conductor 108 might represent a power
bonding the strip conductors 116-118 to the     supply, a clock input, or a
"set" or "reset"  conductors  112-114,  respectively,  along 25  function
if desired. Strip conductor 109 is  common lines 120 extending transversely
of  90     interrupted and has legs 109a and 109b  the base sheet between
the transversely ex-     which extend over expanded contacts E and  tending
columns of chips 104.     K, respectively, of each successive chip 104
The assembly 100 may be fabricated by first     in each transverse column.
Thus, the strip con-  aligning the chips 104 in the respective trans- 30
ductor 109 might represent the serial inter-  verse columns with the
expanded contacts  95     connections of output to input of a series of
A-L facing upwardly. The holder, and there-     flip-flops in a shift
register or the like. Strip  fore the chips, is then heated to about 200-
conductor 110 is also interrupted, and is pro-  225[err] C. The base sheet
102 is then inverted     vided to interconnect the F contact of one  and
aligned with the expanded contacts on 35  chip 104 and the J contact of the
second chip  the chips. A heated tool is then brought to  100     104,
skipping the adjacent chip 104. Thus,  bear on the back side of the H-film
base sheet     it will be noted that any one of the conduc-  102 to press
the respective strip conductor     tors 108, 109, or 110 can be selectively
against the overlying expanded contact to     connected to any one of the
conductors in the  form a thermocompression bond. The thermo- 40  row
merely by providing the down turned leg, compression bonds are adequate to
hold the 105     or can be interrupted to interconnect any  chips in place.
Next, the base sheet 102 and     two or more contacts in the row of con-
chips 104 are placed on a heated table with     tacts.
the back side of the chips and the conduc-        As mentioned, the three
strip conductors  tors 112-114 facing upwardly. The secon- 45  108-110 are
merely representative of a large  dary sheet 106 is then applied face down
so  110     number of strip conductors which could ex-  that the conductors
116-118 face the con-     tend generally transversely under the column
ductors 112-114. This procedure is repre- 



of chips, the only requirements being that  sented in Figure 18. With the
conductors     the conductors be offset from the conventional  116-118
aligned with the underlying conduc- 50  expanded contacts. Of course, if
the expanded  tors 112-114, a narrow elongated tool 122  115     contacts
were selectively eliminated or selec-  heated to about 300[err] C is then
brought to     tively masked by an insulating layer, the con-  bear on the
back side of the secondary sheet     ductors could be placed in
substantially any  106 to form the thermocomprsesion bonds 120     pattern.
between strip conductors 116-118 in the 55    Three strip conductors 112,
113, and 114  underlying conductors 112-114, respectively. 120     are also
provided on the base sheet 102    The resulting structure is perhaps best
and extend generally longitudinally between  illustrated in the partial
isometric view of     the G, H, and I contacts of the chip 104  Figure 16.
It will be noted that where the     in one transverse column and the A, B,
and  strip conductor on the secondary sheet, either 60  C contacts,
respectively, of the adjacent chip  conductor 116, 117 or 118, is
continuous, a  125     in the adjacent transverse column.   The  continuous
conductor extends around the back     center portions of the conductors
112-114  side of the chip 104, and the chip 104 serves     are always left
to provide a bonding strip  to physically separate and therefore
electrically     for the strip conductors on the secondary  isolate the
conductors 116-118 from  the 65  sheet 106, which will presently be
described.  conductors 108-110   extending under the  130
chips 104. The back side of the chip 104  two chips in the array can be
interconnect     is preferably provided with an insulating layer  without
regard to the columns or rows     even when the secondary sheet 106 is
arched  which the chips are located. For example, it     up out of contact
with the chip 104. When  will be noted that the space between expanded 5
an insulating sheet is provided on the back  contacts A, B, C and expanded
contacts D  70     side of the chip 104, the secondary sheet 106  and L,
and also the space between contacts F     can be made to fit tightly
against the back  and J and contacts G, H and I provide two     side of the
chip if desired. However, by pro-  unobstructed paths for transverse
conductors     viding an excess length to the secondary  on the base sheet
102. Similarly, the space 10 sheet 106 to form an arch, an increased space
between the adjacent conductors 118 and  75     is provided which promotes
more efficient  116 provides an unobstructed passageway for     cooling as
will presently be described   strip conductors on the secondary sheet ex-
As previously mentioned, conductor 108 in-  tending longitudinally of the
array. Thus,     terconnects expanded contact L of all chips  points 126
and 128 on the base sheet, for ex- 15  104 in a single transverse column.
Conduc-  ample, can be interconnected by a circuit 80     tors 109
interconnect the E contact of each  comprised of a conductor 130 formed on
the     chip with the K contact of the next succeed-  base sheet 102,
conductor 131 formed on the     ing chip, and conductor 110 interconnects
the  secondary sheet 106, and conductor 132     F contact and the J contact
of every other  formed on the base sheet 102 together with 20  chip. As
illustrated in Figure 17, conduc-  the two thermocompression bonds 133 and
85     tors 112-114 and 116-118 interconnect the  134. Similarly, points
140 and 142 may be     chips in the longitudinal columns in the same
interconnected by a conductor 144 on the     basic manner. Thus, the A
contacts of all secondary sheet 106 and conductor 146 on the     chips 104
in a longitudinally extending row  base sheet 102 through thermocompression
25 are interconnected by conductor 116 on the  bond 148. Similarly, point
150 may be con-  90     secondary sheet and the conductors 112 on  nected
to expanded contact 152 by conduc-     the base sheet, the current path
being from  tor 154 on the secondary sheet 106, conduc-     conductor 116,
through the thermocompression  tor 156 on the base sheet 102, and thermo-
bond 120, to the conductor 112, and through  compression bond 158. Of
course, these are 30  the conductor 112 to contact A. Since con-  but
examples of the many types of intercon-  95     ductors 112 are interrupted
at 112a, the I  nections which can be made to interconnect     contacts of
the chips are left open. Conduc-  substantially any two points in the
array.     tors 113 on the base sheet serially intercon-  Thus, the array
100 is equivalent to a two-     nect the H  and B contacts of all of the
sided circuit board with free access at sub- 35  chips 104 in the
longitudinally extending  stantially any point between the two sides of 100
column. Conductor 117 terminates at each  the board. Of course, depending
upon the par-     end and merely provides a means for mech-  ticular
circuit, considerable freedom is also     anically fastening the secondary
sheet to the  provided in interconnecting various expanded     base sheet
by the thermocompression bond  contacts on the same chip or different chips
40  120. Conductors 118 on the secondary sheet, as represented by
conductors 160 and 162 105     together with conductors 114 on the base  on
the base sheet 102.     sheet, interconnect the G contact and the C    Once
the apparatus 100 is assembled, there     contact of every other chip in
the longitudi-  are no semiconductor components exposed,     nally
extending columns. Thus, it will be  only the continuations of the
transversely ex- 



45 noted that the contacts on the chips 104 lying  tending conductors which
terminate at side 110     in each longitudinally extending row may be  tabs
102a and 102b are exposed for connec-     interconnected in substantially
any manner.   tion to the circuit. Connection can readily be       At this
point, it has been demonstrated  made to the conductors on tab 102a, for
how contacts on chips in the same transverse  example, by a second H-film
sheet 164 having 50  column or the same longitudinally extending  mating
strip conductors on one face thereof 115     rows can be interconnected in
an orderly  which are aligned with and directly thermo-     fashion. It
should be appreciated, however, compression bonded to the respective
conduc-     that since the strip conductors can be made as  tors on the
base sheet 102 as heretofore des-     small as 0.001 inch in width, and
since the  cribed in connection with array 10. If de- 55  chips may have a
much greater width, a very  sired, a subarray, such as represented at 166,
120     large number of conductors can be provided  may be bonded to one of
the tabs 102a or     in both the transverse and longitudinal direc-  102b
to perform addressing and processing     tions, thus permitting
interconnects between  functions. The subarray 166 can be fabrica-
chips in relatively remotely located transverse  ted in the same manner.
The back faces of the 60  columns. Also it is important to note that base
sheet 102 and the secondary sheet 106 125     each chip may have one or
more individual may be metallized to provide a ground plane     inputs or
outputs extending under the column  and thus make all strip conductors on
the two     of chips to the longitudinally extending edge  sheets
microstrip transmission lines having a     of the base sheet. An important
aspect of the  characteristic impedance determined by the 65 invention,
however, is that substantially any  width of the line, the thickness of the
H-film  130           9
1,225,668                                           9      sheet, and the
dielectric properties of the H-  chips. If desired H-film  strips can
extend     film sheet.                                   through the loops
in the secondary sheet shown       The array 100 can be folded as
previously  in Figure 12 and the conductors on the strips     described in
connection with the array 10  can be bonded to the contacts on the top side
5  and as illustrated in Figure 3, rolled into a  of the chip to provide
another level of inter-  70     cylinder, or otherwise folded and placed in
a  connection. This can be done on both sides     suitable cooling fluid,
such as oil.  If the  of the chip, if desired, by extending the strips
secondary sheet 106 is arched upwardly from  at right angles.     the back
side of the columns of chips 104, the    Although preferred embodiments of
the in- 10  sheets form fluid ducts through which cooling  vention have
been described in detail, it is  75     fluid may be systematically forced
to promote  to be understood that various changes, sub-     efficient
cooling.                            stitutions and alterations can be made
therein       It is important to note that the process for  without
departing from the invention as de-     fabricating the array 100 can be
almost com-  fined by the appended claims. 15 pletely automated. The base
sheet 102 can     be formed using commercially available H-    WHAT WE
CLAIM  IS:-                            80     film stock clad with
thermocompression bonded   1. A  semiconductor array compris ng a
copper. If desired, a gold sheet could also be  flexible base sheet of
homogeneous non-con-     thermocompression bonded  to  the H-film  ductive
plastics material having closely spaced, 20 without the intermediate copper
layer. The  elongated metal strip conductors bonded to     strip conductors
may be formed on the base  one surface thereof, a plurality of semicon-  85
sheet 102 after the copper sheet has been gold  ductor chips bonded  to
that surface, each chip     plated as heretofore described, or the copper
having a plurality of metal expanded con-     sheet can be partially
patterned so that all  tacts formed on one surface of the chip, the 25
strip conductors are interconnected to permit  semiconductor chips being
located closely ad-     gold plating, then portions of the pattern selec-
jacent the said strip conductors and selected  90     tively removed to
form the single conductors.  ones of the expanded contacts on the semi-
The secondary sheet 106 can be fabricated  conductor chips being connected
with selected     in the same manner.                           ones of the
strip conductors, such that the 30    The individual logic circuits on the
inte-  semiconductor chips are interconnected by the     grated circuit
chips  may be individually  strip conductors into a common, high density
95     tested, then interconnected using conventional  electrical system.
multilevel interconnection  techniques  and    2. An array according to
Claim 1, further     tested again. The columns of chips 104 can  including
a second flexible sheet of homoge- 35  then be loaded into a heated holder
and all neous nonconductive plastics material having     thermocompression
bonds in  a transverse  a plurality of metal strip conductors bonded  100
column made simultaneously by a heated tool  to one surface, the base and
second sheets     having points at the positions of all expanded  being
disposed in overlying relation with 



contacts. The secondary sheet 106 can then  strip conductors on the second
sheet cross- 40 be bonded to the base sheet using a single  ing over strip
conductors on the base sheet,     elongated tool as  illustrated in Figure
18. and interconnections between selected strip  105     Since the H-film
is transparent, alignment for  conductors on the second sheet and selected
both bonding procedures is very simple and  expanded contacts on the
semiconductor chips.     can be automated.                               3.
An array according to Claim 1, in which 45    It is very difficult to
adequately test a mul-  the base sheet is elongated and has a plurality
tifunction block before it is incorporated into  of second flexible sheets
of homogeneous non- 110     the system. Thus after the array 100 has been
conductive plastics material spaced along the     completely assembled and
tested, any mal-  length thereof, the base and second sheets
functioning chips can be relatively easily re-  being disposed in overlying
relationship with 50  placed merely by cutting a portion of either  strip
conductors on a surface of at least one of     the base sheet or the
secondary sheet out to  the second sheets extending transversely of 115
permit removal and replacement of the faulty  conductor strips on the base
sheet, and inter-     chip, merely by breaking the thermocompres-
connections between selected strip conductors     sion bonds and rebonding
the beads to the  on the second sheets and selected expanded 55  chips, and
then  repositioning the cut-out por-  contacts on the semiconductor chips.
tion of the sheet and rebonding the mating    4. An array according to
Claim 2 or Claim  120     conductors.                                   3,
in which the strip conductors on the or       It will also be appreciated
that circuit chips  each second sheet are disposed on the surface
having integrated circuits formed at both faces  of that sheet remote from
the base sheet. 60  of a semiconductor slice are suited for use    5. An
array according to Claim 3, in which     in the array 10 and particularly
in the array  electrical interconnections between conductor 125     100. In
the array 100, the metal conductors  strips on the or at least one second
sheet and     on the base and secondary sheets may be  conductor strips on
the base sheet extend     directly thermocompression  bonded to the
through apertures in the or at second sheet. 65  metal contacts on the
respective sides of the    6. An array according to any one of         9
1,225,668                                           9               sheet,
and the dielectric properties of the H-  chips. If desired H-film  strips
can extend              film sheet
through the loops in the secondary sheet shown                  The array
100 can be folded as previously  in Figure 12 and the conductors on the
strips               described in connection with the array 10  can be
bonded to the contacts on the top side            5  and as illustrated in
Figure 3, rolled into a  of the chip to provide another level of inter-  70
cylinder, or otherwise folded and placed in a  connection. This can be done
on both  sides               suitable cooling fluid, such as oil.  If the
of the chip, if desired, by extending the strips               secondary
sheet 106 is arched upwardly from   at right angles.               the back
side of the columns of chips 104, the     Although preferred embodiments of
the in-           10  sheets form fluid ducts through which cooling
vention have been described in  detail, it is  75               fluid may
be systematically forced to promote  to be understood that various changes,
sub-               efficient cooling.                            stitutions
and alterations, can be made therein                  It is important to
note that the process for  without departing from the invention as de-
fabricating the array 100 can be almost com-  fined by the appended claims.
15 pletely automated. The base sheet 102 can               be formed using
commercially available H-    WHAT WE CLAIM  IS: -
80               film  stock clad with thermocompression bonded    1. A
semiconductor array comprising a               copper. If desired, a gold
sheet could also be  flexible base sheet of homogeneous non-con-
thermocompression bonded to  the H-film  ductive plastics material having
closely spaced,           20  without the intermediate copper layer. The
elongated  metal strip conductors bonded to               strip conductors
may be formed on the base  one surface thereof, a plurality of semicon-  85
sheet 102 after the copper sheet has been gold  ductor chips bonded to that
surface, each chip               plated as heretofore described, or the
copper  having a plurality of metal expanded con-               sheet can
be partially patterned so that all  tacts formed on one surface of the
chip, the           25  strip conductors are interconnected to permit
semiconductor chips being located closely ad-               gold plating,
then portions of the pattern selec-  jacent the said  strip conductors and
selected  90               tively removed to form the single conductors.
ones of the expanded  contacts on the semi-               The secondary
sheet 106 can be fabricated  conductor chips being connected with selected
in the same manner.                           ones of  the strip
conductors, such that the           30    The individual logic circuits on
the inte-  semiconductor chips are interconnected by the
grated circuit chips  may be individually  strip conductors into a common,
high density  95               tested, then interconnected using
conventional  electrical system.               multilevel  interconnection
techniques  and    2. An array according to Claim 1, further
tested again. The columns of chips 104 can  including a  second flexible
sheet of homoge- 



35  then be loaded into a heated holder and all neous nonconductive
plastics material having               thermocompression  bonds in  a
transverse  a plurality of metal strip conductors bonded  100
column made simultaneously by a heated tool  to  one surface, the base and
second sheets               having points at the positions of all expanded
being  disposed in. overlying relation with               contacts. The
secondary sheet 106 can then  strip  conductors on the second sheet cross-
40  be bonded to the base sheet using a single  ing over strip conductors
on the base sheet,               elongated tool as illustrated in  Figure
18. and interconnections between selected strip  105               Since
the H-film is transparent, alignment for  conductors on the second sheet
and selected               both bonding procedures is very simple and
expanded contacts on the semiconductor chips.               can be
automated.                               3. An  array according to Claim 1,
in which           45    It is very difficult to adequately test a mul-
the base sheet is elongated and has a plurality                tifunction
block before it is incorporated into  of second flexible  sheets of
homogeneous non- 110                the system. Thus after the array 100
has been  conductive  plastics material spaced along the
completely assembled and tested, any mal-  length thereof, the base and
second sheets                functioning chips can be relatively easily re-
being disposed  in overlying relationship with           50  placed merely
by cutting a portion of either  strip conductors on a surface of at least
one of               the base sheet or the secondary sheet out to  the
second sheets extending transversely of 115               permit removal
and replacement of the faulty  conductor strips  on the base sheet, and
inter-               chip, merely by breaking the thermocompres-
connections between selected strip conductors  sion bonds and rebonding the
beads to the  on the second sheets and selected expanded           55
chips, and then repositioning the cut-out por-  contacts on the
semiconductor chips.                tion of the sheet and rebonding the
mating    4. An array according to Claim 2 or Claim  120 conductors.
3, in which the strip conductors on the or                  It will also be
appreciated that circuit chips  each second sheet are disposed on the
surface                having integrated circuits formed at both faces  of
that sheet remote from the base sheet.           60  of a semiconductor
slice are suited for use    5. An  array according to Claim 3, in which
in the array 10 and particularly in the array  electrical interconnections
between conductor 125                100. In the array 100, the metal
conductors  strips on the or at least one second sheet and
on the base and secondary sheets may be  conductor strips on the  base
sheet extend                directly thermocompression  bonded to the
through apertures in the  or at second sheet           65 metal  contacts
on the respective sides of the   6. An array according to any one of
10                                         1,225,668
10      Claims 2 to 5, in which the  semiconductor  in overlying relation,
the second sheet having     chips are disposed in rows on the base sheet a
plurality of metal conductor strips bonded     and the or each second sheet
has a plurality  to the surface thereof adjacent the base sheet     of
fingers extending between rows of the  with semiconductor chips on the base
sheet 5  chips.                                        physically
separating at least portions of the  70       7. An array according to any
one of Claims  two sheets between which electrical contact is     2 to 6
including at least one further sheet  not desired, and  electrical
interconnections     of homogeneous flexible nonconductive plas-  between
selected  conductor strips of the     tics material extending over and
positioned on  second sheet and selected contact areas of 10  at least some
of the semiconductive chips, or  the semiconductor chips.               75
the or each further sheet having conductor    18. An array according to
Claim  1, in     strips on a surface thereof electrically inter-  which the
base sheet is elongated and is     connected with selected expanded
contacts of  disposed in overlying relation with a plurality     the
semiconductor chips.                     of second flexible sheets of
nonconductive 15    8. An array according to any one of  plastics material
spaced lengthwise of the base  80     Claims 2 to 7, in which the or each
second  sheet, each second sheet having a plurality     sheet is bonded to
the semiconductor chips.  of metal conductor strips bonded to the sur-
9. An array according to any one of Claims  face thereof adjacent the base
sheet with semi-     2 to 8 in which the or each second sheet is  conductor
chips on the base sheet electrically 20  bonded over a substantial portion
of its area to  isolating at least portions of the conductor  85     the
base sheet.                              strips on the second sheets from
conductor       10. An array according to  any one of  strips on the base
strip to which electrical     Claims 2 to 8 in which the surfaces of the
connection is not desired, and electrical inter-     first and second
sheets of plastics material  connections between selected conductor strips
25  opposite the surfaces on which the conductor  on the second sheets and
selected contact areas  90     strips are disposed, are metallized to
provide  on the semiconductor strips.     ground planes electrically
isolated from  the    19. An  array according to Claim  17 or     conductor
strips on those sheets.            Claim  18, including electrical
interconnec-       11. An array according to Claim  3. or  tions between
selected conductor strips on the 30  any one of Claims 4 to 10 when
dependent on  second sheets and selected conductor strips  95 



Claim 3, in which the base sheet is folded  on the base strip.     at folds
extending between  adjacent second    20. An array according to Claim  19,
in     sheets with conductor strips on the base or  which each second sheet
includes conductor     the second sheets extending to at least one  strips
portions of which overly and are in con- 35  longitudinal edge of the base
sheet.      tact with portions of conductor strips on the 100       12. An
array according to any one of the  base sheet.     preceding claims, in
which the conductor    21. An array according to any one of     strips and
contact areas are gold plated.  Claims 17-20,  in which the said electrical
13. An array according to any one of  interconnections comprise direct
bonds be- 40  Claims 1 to 11, in which the expanded con-  tween physically
contacting areas.       105     tacts on the semiconductor chips are inter-
22. An array according to any one of     connected with selected ones of
the strip con-  Claims 17-21, in which the first and second     ductors by
direct bonds or.by jumper wires  sheets are bonded together.     bonded to
the expanded contacts and to the    23. An array according to any one of 45
strip conductors, the said bonds having been  Claims 17-22, in which the
outer surfaces 110     effected by application of pressure or a com-  of
the base and second sheets are metallized     bination of heat and
pressure, the said plastic  to provide ground planes.     sheet having the
capability of withstanding    24. An array according to Claim 18 or any
such applied heat and/or pressure..        one of Claims 19-22 when
dependent on 50    14. An array according to Claim  12, in  Claim 18, in
which the base sheet is folded  115     which the interconnections comprise
gold  along folds across the base sheet between adja-     jumper wires
thermocompression bonded to the  cent second sheets, with conductor strips
on     gold surfaces at the points of interconnection.  the base or the
second sheets extending to at       15. An array according to Claim  13, in
least one longitudinal edge of the base sheet. 55  which the
interconnections comprise alumi-    25. An array according to Claim 24,
includ- 120     nium jumper wires bonded to gold surfaces  ing conductor
strips on the base sheet extend-     on the conductor strips and the
expanded  ing longitudinally of the base sheet along     contacts.
portions thereof between adjacent second       16. An array according to
Claim 1, in which  sheets. 60  contact areas of the semiconductor chips and
26. A semiconductor array according to any  125     conductor strips on the
base sheet are bonded  one of the  preceding claims, in which the
directly together.                           flexible sheets are composed
of a high tem-       17. An array according to Claim 1, in which  perature
plastics material e.g. polypyromellit-     the base sheet and a second
flexible noncon-  imide. 65  ductive sheet of plastics material are
disposed    27. A semiconductor array substantially as 130         11
1,225,668                                         11     described herein
with reference to and as    29. A semiconductor array substantially as
illustrated by Figures 1 and 2 or modified as  described herein with
reference to and as    described herein with reference to and as
illustrated by Figures 11-16 of the accom-    illustrated by Figures 8 and
9 of the accom-  panying drawings. 5  panying drawings.       28. A
semiconductor array substantially as           ABEL & IMRAY,     described
herein with reference to Figures 1         Chartered Patent Agents,     and
2 as modified in the manner described             Northumberland House,
with reference to any of Figures 3, 4, 5, 6, 7,     303-306 High Holborn,
10  and 10 of the accompanying drawings.                      London, W.C.1
Printed for Her Majesty's Stationery Office, by the Courier Press
Leamington Spa, 1971.          Published by The Patent Office 25
Southampton Buildings, London, WC2A. 1AY, from
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