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the circuit board. The IC die or chips have bonding pads which BACKGROUND
OF THE INVENTION                        are connected to the wiring pattern
on the circuit board by a variety of off-chip  connection means; 5
generally involving soldering or welding. Examples Field of the Invention
are wire bonds, flexible tapes, beam leads, and solder bumps. A significant
difficulty with these This invention relates in general to  electronic
prior art approaches is that in most cases the circuit modules, and, more
particularly, to improved  metallurgy needed to make such off-chip connec-
means and methods for providing high density  10  tions is different than
the metallurgy used for the circuit assemblies and modules having a
multiplic-  on-chip interconnections within the IC chip. It is ity of
interconnected integrated circuit chips or  well known that the reliability
of off-chip intercon- other components.
nections is substantially poorer than the reliability of on-chip
interconnnections. Further, these prior 15  art off-chip connections
utilise much more area on Background Art
the circuit board or substrate than is desired. This contributes to the
comparatively low packing den- Modern fabrication techniques make It
possible  sity of prior art circuit modules, even when the to pack very
large numbers of high speed semi-     individual die packages are omitted,
and the contin- conductor devices into individual integrated circuit  20
ued  significant propagation  delays associated (IC) chips or die. However,
in order to build func-  therewith. tioning systems, the individual ICs
must  be elec-     Prior art modules have utilised materials having
trically interconnected in some way. Historically  markedly different
coefficients of thermal expan- this has been done by mounting the
individual IC   sions. As a consequence thermal stresses are in- die in
sealed packages. These sealed packages   25  duced during temperature
cycling. This further de- protect the die from the environment and provide
grades reliability of the finished modules. Addition- rugged external leads
or pads which can be used    ally, prior art modules have not provided
simple for interconnecting the ICs in the system. The     and effective
means for removal of heat. from the packaged die are generally mounted by
their leads  many IC chips or other components within the on a circuit
board which  contains the interconnect  30   module. Thus, a need continues
to exist for im- wiring. The circuit board often has multiple layers
proved modules for integrated circuits and other of interconnect wiring and
may be fabricated of    components, particularly high density modules,
metallized plastics, ceramics, or impregnated paper  having improved
packing density, propagation de- or fabric. A significant disadvantage of
this method  lay, heat dissipation, ease of manufacture, and is that the
wiring length from die to die, through the   35  cost. individual packages
and along the conductors of        Accordingly, it is an object of the
present in- the circuit board, is many times the size of the IC  vention to
provide an improved means and method die. With very high speed devices,
these compara-  for electronic modules for integrated circuits having
tively long wiring lengths cause significant propa-  a high packing
density. gation delays, reducing the overall system perfor-  40  It is a
further object of the present invention to mance.
provide an improved means and method for elec- More recently, it has been
possible to produce  tronic modules wherein the number of welded or IC die
which are themselves hermetically sealed so  soldered joints required to
interconnect the IC that they may be mounted directly on the circuit
chips or other components within the module is board or substrate rather
than being housed in  45  reduced. individual packages. The  circuit board
or assembly   It is an additional object of the present inven- is then
encapsulated as a whole to form a module.  tion to provide an improved
means and method for In this connection Japanese Patent JP-A-59-44849
electronic modules wherein the generation of me- (See Patent Abstract of
Japan, vol 8, no. 135 (E-  chanical stress from temperature changes is re-
252) [1572], 22nd June 1984) shows a semi-con-  50  duced. ductor chip held
by its side by a support plate of    It is a further object of the present
invention to comparable thickness, the support plate having an  provide an
improved means and method for elec- aperture to receive the chip.
Furthermore, Japa-   tronic modules wherein the materials used for the nese
Patent JP-A-53-46669 shows a plurality of     module comprise the same
material as used for the semi-conductor chips mounted in tapered through
55  integrated circuit chip. holes in a ceramic support plate. Omitting the
It is an additional object of the present inven- individual packages
permits the die to  be closer  tion to provide an improved means and method
for together, thus reducing the propagation delay in   electronic modules
wherein the principle elements 3   



3                 EP 0183 722 B1                       4 of the module are
self aligning for easy assembly.   are embedded in a support substrate so
that their It is a further object of the present invention to  upper
surfaces, on which the die connection points provide an improved means and
method for elec-      (e.g. contact pads) are located, are substantially
tronic modules wherein the individual IC chips are   co-planar with the
surface of the substrate. The die mounted in a supporting member so as to
have   5   are held by their edges. Any gaps between the accessible rear
faces adapted for  contacting a      substrate and the embedded die are
filled so that planar heat sink, and exposed front faces which are  the
upper surface of the die, the upper surface of smoothly joined to  and
optimally, part of the inter-  the gap filler material, and the upper
surface of the connect wiring surface.
substrate are substantially smooth and continuous. It is an additional
object of the present inven-  10   Conventional monolithic metallisation
techniques tion to provide an arrangement for including semi-   can be used
to form the inter-chip wiring within the conductor die prepared using
different processing    module. This inter-chip wiring interconnects the
technologies (e.g. TTL, NMOS, linear, ECL, etc.)     various IC die
embedded in the substrate and within the same monolithic substrate.
couples them to the external connection points of It is further object of
the present invention to  15  the module. Where the surfaces of the IC
chips are provide a means and method for incorporation         covered with
an insulating passivation layer, as is pretested die in a monolithic
substrate which can    usually the case, the inter-chip wiring may pass be
interconnected using planar metallization tech-   over as well as between
the individual ICs. Hence, nology.
packing density is maximised and propagation de- According to the present
invention in a first  20  lay minimised. aspect thereof an electrical
structure comprising a     It is important that the substrate, the die, and
plurality of semiconductor chips of a first thickness  the gap filling
material have compatible thermal and a support means having a plurality of
tapered    coefficients of expansion (TCEs), and it is desirable
through-holes for receiving the chips, and having    that they be similar.
It is preferable that the same joining means for holding the chips in the
through-   25   material be used for the substrate as is used for holes, is
CHARACTERISED IN THAT the chips are       the semiconductor. Further, it is
important that the integrated circuits having multiple contacts on one
surfaces on which the Inter-chip wiring is placed be side thereof, each
chip being oriented in a tapered  smooth, that is, free from sharp steps.
Additionally, hole with the contacts closest to the narrower end   it is
important that the rear faces of the die be co- of said hole, the support
means is of a thickness   30   planar and directly accessible to a heat
sink plate, less than or equal to said first thickness of the    so that
the escape of the heat generated within the semi-conductor chips, and the
electrical structure   die is not impeded by being required to pass further
comprises leads formed by means of planar   through the substrate which
supports the inter-chip metallization technology mutually interconnecting
wiring. the integrated circuits.                        35       In a
preferred embodiment using silicon semi- According to the present invention
in a second   conductor chips, the substrate is also formed from aspect
thereof a method for forming an electronic    silicon and the chips are
mounted by their edges in structure having a plurality of semiconductor
dice   through-holes in the substrate, preferably using a of a first
thickness and a contact location on a first  glass having a compatible
coefficient of expansion. surface thereof, wherein the dice are mounted in
40   The substrate contains alignment means which are tapered through-holes
in a support plate and re-    indexed to a heat sink in contact with the
rear faces - tained therein by a filler material contacting an   of the
die. The heat sink is in turn indexed by other edge of the dice and a side
of the support plate     alignment means to an external connection support
holes, is CHARACTERISED BY said dice compris-        plate containing an
array of connection pins. It is ing integrated circuits having multiple
contacts on   45   desirable that the heat sink and the connection the
first surface thereof, and the steps of providing  support plate have
substantially the same coeffi- that said support plate is of a thickness
less than or  cient of expansion as the substrate, and preferably equal to
said thickness of said dice, inserting the  comprise the same material as
used for the active dice in the tapered through-hole with the contact
devices, for example, silicon. To form the module, location adjacent the
narrower end of the tapered   so  the substrate with the embedded
interconnected through-holes and forming leads by means of          die,
the heat sink, and the connection support plate planar metallization
technology to mutually inter-   are sealed together, preferably using a
soldering connect the integrated  circuits.                    material. 55
SUMMARY OF THE INVENTION                             BRIEF DESCRIPTION OF
THE DRAWINGS In the invented structure the individual IC die      FIG. 1
shows in schematic form, a cross-sec- 4    



5                 EP 0 183 722 B1                      6 tional view of a
portion of a multi-chip integrated     FIG. 2 shows a schematic
cross-sectional view circuit electronic assembly or module according to
of a portion of prior art IC assembly 20 comprising the prior art;
circuit board or substrate 21 having buried wiring FIG. 2 shows in
schematic form, a cross-sec-     patterns indicated by dotted lines 21a-c
which tie tional view of a portion of a multi-chip integrated    5
together bonding pads 25 on surface 21d of sub- circuit electronic assembly
or module  according to  strate 21. IC die 22a-c are mounted face-down onto
another embodiment of the prior art;                 substrate 21 by means
of solder bumps 26 which FIG. 3 shows in schematic form, a cross-sec-
connect bonding pads 24 on die 22a-c to pads 25 tional view of a portion of
a multi-chip integrated  on substrate 21. Pads 24 and 25 are arranged so
circuit electronic assembly or module according to   10  that they align.
Heat is removed from rear surfaces a further embodiment of the prior art;
23a-c of die 22a-c directly to heat sinks 28a-c, as FIGS. 4A-B show in
schematic form, cross-        illustrated by arrows 29. sectional views of
a portion of a multi-chip in-        While this design is better than that
of FIG. 1, it tegrated circuit electronic assembly or module, and  still
suffers from several important disadvantages; having IC chips of different
thickness relative to the   15  (i) very large numbers of solder bump
connections supporting substrate;                                are
required, since one is required for each contact FIGS. 4C-D show portions
of modules similar      point or bonding pad on each die (solder bump to
FIGS. 4A-B, in accordance with the present       interconnections are
susceptible to thermal stress invention;
cracking and are a significant source of failure, FIG. 5 shows a top view
of a portion of an   20   particularly in assemblies using ceramic or
plastic electronic module according to the present inven-    substrates),
(ii) comparatively large bonding pads tion:
are required on each die to accommodate the FIG 6A shows in simplified
form, a cross-sec-    solder bumps, (iii) multilayer substrates,
particularly tional view of an electronic module, including a     laminated
ceramic substrates, are expensive to fab- housing;
25  ricate, and (iv) variations in the height of rear FIGS 6B-C show
portions of the module of FIG.    surfaces 23a-c of individual die 22a-c
above sur- GA according to further embodiments;                face 21d of
substrate 21 due, for example, to FIG. 6D shows in simplified form, a
cross-       random die thickness variations, generally require sectional
view of an electronic module; and         that heat sinks 28a-c be
articulated, that is, that FIG. 7 shows, in simplified form, a pin-side-up
30  thermal contact to each of die 22a-c be made partial cut-away view of
the module of FIG. 6A.      individually, rather than by a single heat sink
plate. In FIG. 2, die 22b is illustrated as being thicker than die 22a or
22c. Thus, heat sink 28b must be DETAILED DESCRIPTION OF THE PREFERRED
shorter than heat sinks 28a and 28c. EMBODIMENT
35      FIG. 3 shows a schematic cross-sectional view of IC assembly 30,
according to the prior art, in FIG. 1 shows a schematic cross-section view
of   which die 32a-c are inset in cavities 33a-c in sub- a portion of prior
art IC assembly 10 comprising     strate 31. Die 32a-c are provided with
beam leads circuit board or substrate 11 having base portion    34 which
bridge empty gaps 33g between die 32a- 1 la and wiring portion 1 lb. IC
chips  12 are moun-   40   c and substrate 31. Beam leads 34 are welded or
ted face-up on base portion 11 a by attachment       soldered to off-chip
interconnect leads 36 or 37 on means 13. IC chips 12 have bonding pads 14
substrate 31. Leads 36 and 37 are separated by which are connected by
flexible wire or tape bonds   insulator 35 so that lead 36 can cross over
lead 37 16 to corresponding pads 15 on interconnect wiring   as needs be.
pattern 17 on surface 11c of wiring portion llb of   45  Die 32a-c may be
supported entirely by beam substrate 11. Heat is removed from IC chips 12
leads 34, as is indicated for die 32a in cavity 33a at through attachment
means 13 and substrate 11 to     the left of FIG. 3, or be attached to
substrate 31 by heat sink 18, as indicated by arrows 19.             solder
means 33s at the bottom of the cavity, as This design suffers from at
least, three impor-  indicated for die 32b-c in cavities 33b-c, at the
right tant disadvantages: (i) off-chip bonds 16 are less   50   of FIG. 3.
Frequently, surfaces 32s of die 32a-c will reliable than the on-chip or
on-board wiring and are  be at a slightly different elevation than surface
31a a significant failure mode, (ii) heat must be re-    of substrate 31.
Beam leads 34, however, are de- moved to heat sink 18 through attachment
means       formable and can bend. Thus, differences in eleva- 13 and
substrate 11, thereby increasing the thermal  tion of surfaces 31a and 32s
can be accommo- impedance and reducing performance, and (iii) chip   56
dated, as is illustrated for die 32b and 32c. This packing density is
limited because inter-chip wiring  permits die of different thickness to be
placed in can be located only on substrate wiring portion      cavities of
the same depth. FIG. 3 illustrates the 11b.                               '
situation where die 32a, die 32b, and die 32c all 5   



7                 EP 0 183 722 B1                      8 have different
thicknesses.                          lization fabrication techniques are
well known in the The structure of FIG. 3 suffers from several     art and
commonly used to provide interconnections disadvantages. Chief among these
are that beam       within monolithic integrated circuits. As used here-
leaded IC chips are very expensive to fabricate and  in, the words
monolithic interconnections are in- assemble. Beam  leads also require the
use of   5   tended to refer to interconnection made by planar metallurgy
for the beams (e.g. Au) which is dif-     metallization techniques. As used
herein, the word ferent than the metallurgy (e.g. Al) In most com-
monolithic refers to a continuous rigid body without mon use for on-chip
wiring of integrated circuits.   voids or crevices. When different
metallurgies are joined there is a       It is important that die 42 all
have similar greater likelihood of reliability problems. Hence   10
thickness 42t so that planar heat sink 48 may make when beam leads are
used, the choice of intercon-   intimate contact to die 42 without any need
for nect materials available to the designer is more     articulation or
for separate heat sinks for the in- limited than when beam leads are not
used. Fur-      dividual die (see FIGS. 4C-D). As will be presently ther,
beams leads 34 must be larger than normal      shown, this is readily
obtained with the means and metallization runs and so are wasteful of die
and   15   method of the present invention. Die 42 may be substrate area.
In addition, heat can be conduc-    initially thinner than substrate 41.
Substrate 41 is tively removed from die 32b-c only through solder   then
lapped until substrate thickness 41t equals die means 33s and substrate 31,
as illustrated by ar-   thickness 42t. In the finished assembly, thickness
rows 39 leading from die 32b through supporting      42t of die 42 must be
at least equal to thickness substrate 31 to heat sink plate 38. Heat can be
20   41t of substrate 41 so that die 42 may contact heat conductivity
removed from die 32a only through       sink 48 without interference from
substrate 41. beam  leads 34, since die 32a makes no other            FIGS.
4A and 4C illustrate the situation where contact with substrate 31. This
results in a higher  some of die 42, e.g. die 42a-c, have thickness
junction temperature for a given power dissipation   greater than the
thickness of substrate 41, and level and reduces the reliability of the
module.  26   FIGS. 4B and 4D illustrate the situation when die These and
other limitations of the prior art     42 have thickness equal to the
thickness of sub- systems can be avoided by use of the present
strate 41. In FIGS. 4B and 4D lower faces 42L and invention. FIGS. 4A-B
show cross-sectional views     41 L as well as upper faces 42u and 41 u of
die 42 of a portion of monolithic IC assembly  40. Sub-     and substrate
41, respectively, are substantially strate 41 of monolithic assembly 40
contains   30  coplanar. As shown in FIGS. 4C-D, there is direct
through-holes 41h in which die 42 are held by their  contact between
heatsink 48 and die 42, so that edges 42e by means of filler material 43f
located in  heat removal is particularly efficient. Where thick- gaps 43g.
Upper surfaces 42u of die 42, upper        ness 42t exceeds thickness 41t,
a space can exist surface 41u of substrate 41, and upper surface 43u
between substrate surface 41L and heat sink 48. of gap filler material 43f
are smoothly joined. Upper   35   This space may be empty, as shown in FIG.
4C, or surface 42u of die 42 contains contact points 44 for  filled,
desirably with a heat conductive material. making connection to the
internal (on-chip) wiring      It should be noted that die 42 are held in
of IC chip or die 42. Upper surface 41 u of substrate  substrate 41 only by
their edges 42e. Gap filler 41 provides a smooth surface for supporting
planar   material 43f, as for example a glass, mechanically interconnect
leads 46 and 47. Leads 46 and 47   40  joins die 42 to substrate 41. Gap
43g can be quite differ in that lead 46 crosses over lead 47 by
narrow, as for example, 1 mil (0.025 mm) or less. means of insulator 45.
During fabrication, lead 47 is  This permits gap filler material 43f to be
quite thin formed first. Cross-overs permit greater intercon-   (see FIGS.
4A-B). A suitable material for use as nection flexibility and are well
known in the art.   gap filler material 43f when die 42 are of silicon is
By having upper surface 43u of gap filler ma-   45  type CF-6 glass
manufactured by Nippon Electric terial 43f smoothly join surfaces 41u and
42u, leads  Glass Co., Osaka, Japan, to which is added 10 to 46 and 47 can
be formed by planar metallization      20 volume percent of 2 to 10 micron
particle size techniques and extend from substrate surface 41u     silicon
dioxide. This glass mixture has a coefficient across gap filler surface 43u
onto surface 42u of    of thermal expansion, for 15%  volume percent chip
42 to make contact directly to on-chip wiring   50   SiO2, of 39x10-7 per
[err], in the range 25 to contact points 44 of chips 42. This eliminates
the   300 C. Other glasses having coefficients of ther- need for wire
bonds, beam leads, solder bumps,       mal expansion in the range of 30 to
45x10-7 per lead frames, and the like, as have been used in the   C, and
otherwise compatible with die 42 are also prior art. There need be no
welded or soldered       suitable. Plastic materials can also be used pro-
connections between leads 46 and 47 on substrate   55  vided that they have
adequate thermal stability to 41, and connection points 44 on die 42, since
withstand subsequent processing steps and do not intimate contact is made
during the process by       introduce significant mechanical stress. which
leads 46 and 47 are fabricated. Planar metal-     It is also important that
gap filler material 43f 6  



9                 EP 0 183722 B1                      10 not shrink or
crack during curing or firing so as to  overlie any portion of monolithic
assembly 40, that produce crevices in upper surface 43u or at the      is,
they may be located on die 42, substrate 41, or interfaces where gap filler
material 43f joins die 42  gaps 43g. and substrate 41. If die 42 are other
than silicon,     FIG. 5 illustrates the situation when monolithic then
filler material 43f should be chosen to have a   5   assembly 40 contains
ten die 42, each of which coefficient of thermal expansion which is also
corn-  has eighteen contact points 44, for a total of one patible with the
material comprising die  42. Gen-   hundred and eighty die contact, points.
These one erally, the relative thermal coefficients of expansion  hundred
and eighty die contact points 44 are inter- of substrate 41, die 42, and
filler material 43f     connected by monolithic leads 46 and 47 which run
should be arranged so that filler 43f is in compres-   10  across substrate
41, die 42, and filled gaps 43g. sion.
Interconnect leads 46 and 47, In this example, also FIGS  4A-B  illustrate
the  situation  where    couple die 42 to twenty five external connection
through-holes 41h have vertical side walls, i.e. sub-  points 44a. Thus,
FIG. 5 illustrates an assembly in stantially perpendicular to surface 41u.
FIGS. 4C-D  which the number of welded or soldered joints illustrate the
situation where through-holes 41h   15  required to interconnect the ten IC
die to the exter- have tapered side walls in accordance with the       nal
system has been reduced by the ratio (180-25)- present invention.
/180 = 86%. For more complex IC chips having a Such tapered holes are
readily obtained using        larger number of die contact points, the
reduction selective etching along preferred crystallographic  in the number
of joints can be much larger. planes. The use of tapered holes facilitates
place-   20  FIGS. 6A-C show cross sections of IC enclo- ment of die 42 in
the through-holes.                 sure or module 50. Module 50 includes
monolithic Contact points 44 on die 42 are interconnected   IC assembly 40.
For clarity, most of the details of by means of metallization runs or leads
46 and 47.   assembly 40, such as have been discussed in Where cross-overs
must occur, as for example         connection with FIGS. 4A-B and 5, have
been between leads 46 and 47, insulating layer 45 is  25  omitted. External
connection points 44a are shown. provided. Surfaces 42u, 41u, and 43u
should be       FIGS. 6B-C show portions of alternative arrange- smooth,
that is, there should not be abrupt steps in  ments, in less detail, of the
periphery of module 50 surface topology. As used herein, an abrupt step is
of FIG. 6A. FIG. 6D shows an alternative arrange- defined as a change in
surface topography or         ment in which assembly 40 forms an external
wall height greater than about 10% of the thickness of  30  of module 50 so
as to provide  for improved heat the layer intended to cover the step which
occurs   transfer to the external cooling means. over a lateral distance
less than the layer thick-      Assembly 40 is placed within enclosure 50
ness.                                                which preferably
comprises heat sink 51, seal ring It is desirable but not essential that
surfaces  52, and connection substrate 53, having therein 41u, 42u, and 43u
be substantially co-planar. When   35  connection pins 54. Heat sink 51 of
FIGS. 6A-C surfaces 41u, 42u, and 43u are substantially co-     and 7 is
analogous to heat sink 48 of FIGS. 4C-D. planar, the surface topology does
not contain large  In a preferred embodiment wherein die 42 are from height
differences which must be accommodated        silicon, it is preferable
that heat sink 51, seal ring over short distances, and so abrupt surface
steps    52, and connection substrate 53 also be of silicon. are less
likely. Surface smoothness is more impor-  40   Pins 54 are insulated from
connection substrate 53 tant than absolute flatness or coplanarity. If sur-
by means of insulating layer 55, for example of faces 41u, 42u, and 43u
join smoothly, i.e. without  silicon oxide. Connection means 56, for
example abrupt steps, then height differences of many times  solder bumps,
allow output connection points 44a the thicknesses of the interconnect
layers are easi  on IC assembly 40 to be coupled to output pins 54. ly
accommodated.                                45   Connection means 56 are
in contact with connec- FIG. 5 shows a top view of an example of an
tion points 44a which are coupled to leads 46 and assembly or module
according to a preferred em-      47. The direct thermal path from die 42
to heat sink bodiment of the present invention. Monolithic as-    51
provides improved thermal coupling to the ex- sembly 40 contains a
multiplicity of die 42 moun-   ternal cooling means as compared to the
prior art ted in substrate 41 and having interconnections 46   so
arrangements, as indicated by arrows 69. and 47 tying on-chip contact
points 44 of die 42 to     Assembly 40, heat sink 51, and connection each
other and to external connection points 44a.    substrate 53 contain
alignment keys so that when For clarity, insulating layer 45 between
crossing    they are assembled, external connection pins 54 in
metallization runs has been omitted  and intercon-   connection substrate
53 line up with connection nect leads 46 and 47 are shown in schematic
form.   55   points 44a on assembly 40. This is facilitated by External
connection points 44a are provided for      use of intermediate seal ring
52 which joins heat connection of monolithic assembly 40 to the exter-
sink 51 at interface 57b and connection substrate nal system. External
connection points 44a can       53 at interface 57a. Intermediate seal ring
52 is 7 



11                 EP 0 183 722 B1                     12 desirable but not
essential, since, for example, con-  and additional components may be
mounted there- nection substrate 53 can be shaped so as to mate     on if
desired. For example, chip capacitors 81a-b directly with heat sink 51 on
alignment surface 58c  can be mounted on connection substrate 53 and/or and
interface 57b (see FIG. 6B). Alternatively, heat  substrate 40 (see FIG.
6A). sink 51 can be shaped to mate directly with con-   5 nection substrate
53 at interface 57a and  alignment surface 58b (see FIG. 6C). Further,
while heat sink  EXAMPLE I 51 is desirable for increased strength, it is
not essential and may be omitted, in which case sub-        The following
is an example of the practice of strate 41 of assembly 40 is extended to
join di-  to  the method of the present invention for construct- rectly to
seal ring 52 and/or connection substrate  ing an assembly such as has been
described in 53. This is illustrated in FIG. 6D.
connection with FIGS. 4A-B and 5. It is assumed in The arrangement of the
above-described parts     this example that die 42 are silicon ICs and that
can be more clearly seen in FIG. 7 which shows a     substrate 41 is of
silicon. Those of skill in the art pin-side-up partial cut-away view of
module 50.  15   will understand that the described method applies Assembly
40 has perimeter 41p which matches         to other materials and devices
as well. surface 58a of heat sink 51, so that assembly 40 is     Substrate
41 is fabricated from a silicon start- laterally positioned in a
predetermined location with  ing wafer and then combined with die 42 to
obtain respect to surface 58c (see FIG. 6A) which con-      monolithic
assembly 40. As used herein, the terms tacts seal ring 52. Alignment key
40k (see FlG. 7)  20   "upper surface" or "top surface" are intended to
provides azimuthal orientation of assembly 40 in    refer to surfaces 41u,
42u, and 43u of substrate 41, heat sink 51. Perimeter 41p and alignment
surfaces   die 42, and gap filler material 43f, respectively, and 58a-c
are  conveniently  formed  using  known       on which are located contact
points 44 and 44a, photolithographic masking techniques in conjunc-     and
interconnects 46 and 47. The terms "lower tion with anisotropic etching. It
is preferred to use   25  surface" or "bottom surface" are intended to
refer anisotropic etching which takes advantage of the     to the major
surface opposite the upper or top property of crystalline materials such as
silicon to  surface, for example, surface 42L of die 42 and etch along
determinable crystallographic planes.     surface 41 L of substrate 41.
Assembly 40 is fab- Surfaces 58a-c are conveniently such determinable
ricated as follows. crystallographic planes. Connection pins 54 are  30
(1) A silicon wafer is provided to be fabricated located in known positions
in connection substrate     into substrate 41. A mask is applied to the
upper 53 by forming holes 59 for pins 54 and reference       surface of
this silicon wafer to delineate through- surface 58b in connection
substrate 53 using           hole areas on the wafer whose location cor-
photolithographic masking and etching techniques.      responds to the
desired location of die 42 in Photolithograpic masking and etching
techniques   35   substrate 41, and whose shape and size cor- are capable
of great precision so that precise align-  respond to the shape and size of
die 42. The ment of the elements of module 50 may be conve-        mask
openings will generally be of a slightly niently obtained. Key 40k may be
formed by any         different size than the desired through-holes to
convenient means.                                      take into account
any under-cut or over-etching Heat sink 51, and connection substrate 53 are
40  inherent in the hole forming process or to make conveniently joined to
seal ring 52 by means of        use of preferential etching along
particular glass or metal seal means at interfaces 57a-b.
crystallographic planes. Adjustment of mask lay- Glass and or metal seal
means can also be conve-       er dimensions to account for etching
under-cut niently used at interface 57c between assembly 40      or
over-etching, or to account for preferential and heat sink 51, and at
interface 57d  between   45   etching along crystallographic planes, is
well pins 54 and connection substrate 53. Techniques        known in the
art. It is convenient to use a silicon for joining semiconductors to each
other and to        wafer that has been already coated with a re- other
materials by use of glass and/or metal seal-     fractory dielectric
insulating layer, e.g. silicon ing or soldering are well known in the art.
It is      dioxide and/or silicon nitride. It is desirable that desirable
that the sealing means used at interfaces   50  the mask also delineate
outer perimeter 41p of 57a-d be compatible, that is, not introduce signifi-
substrate 41. cant mechanical stress into the assembly. This is      (2)
Through-holes 41h are formed in substrate accomplished by choosing sealing
and/or soldering      41, preferably by etching or milling the silicon
materials which have coefficients of thermal expan-    wafer through the
mask of step (1) to obtain sion which are as close as practicable to the
ma-   55  holes 41h extending through the silicon wafer. terial used for
enclosure 50.                          The hole forming step may include
forming the Additional interconnection patterns may be          perimeter
of substrate 41 so as to separate placed on connection substrate 53 or
assembly 40,      substrate 41 from the balance of the silicon 
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although this can be performed anytime        43g should be in the range
0.5 to 1.5 mils prior to placing assembly 40 in module 50. It is    (0.013
to 0.038 mm), with 0.8 to 1.2 mils (0.02 to preferable to separate assembly
40 from the          0.03 mm) being preferred. starting wafer after
mounting and interconnec-          The size of through-holes 41h and gap
43g tion of the IC die.                           5      is determined by
the combined action of mask- Selective etching or milling which  differen-
ing step (1), hole forming step (2), and corner tiates between different
crystallographic orienta-   and edge blunting step (3).; It was found, for
tions is a preferred fabrication technique for       example, that
through-holes 41h formed using assembly 40 since it produces precise
geomet-        anisotropic etching in step (2), increased in lat- ric
shapes whose size can be carefully con-   10     eral dimensions by about
3.5 mils (0.089 mm) in trolled. This is especially helpful in etching
width and length during isotropic etching in step through-holes 41h to
accommodate rectangular         (3), e.g. from about 155.5 x 321.5 to about
159 x die and in providing alignment keys having pre-      325 mils, after
a 55 second dip etch at [err]. cisely controlled dimensions for subsequent
in-      Adjustment of masking and etching or milling stallation of
assembly 40 in an enclosure or   is    steps to achieve final target
dimensions of a housing. Techniques for selective etching of sili-
particular size is generally well known in the art. con and other
crystalline materials  are well       (4) The silicon wafer and/or
substrate 41 is coat- known in the art. See for example, K.E. Peter-
ed with an insulating layer, eg. silicon oxide, at sen, "Silicon as a
Mechanical Material," Pro-        least along the sides of through-holes
41h. This ceedings of the IEEE .Vol. 70, No. 5,'May 1982,  20  coating step
may also include coating the upper pages 420-457. Other etching or milling
tech-        surface of the silicon wafer or substrate 41. niques can also
be used. Where the etching or        Where substrate 41 is conductive, an
insulating milling step produces tapered holes, itis desir-     layer must
be formed on upper surface 41u of able that the narrower opening be
adjacent up-       substrate 41 prior to step (10) so as to insulate per
surface 41u of substrate 41, such as is  25      leads 46-47 from substrate
41. shown in FIGS. 4C-D. This provides the smallest      (5) The wafer
and/or substrate 41 is placed with distance of gap filler material 43f
between die      upper surface 41 u against a flat plate. This flat 42 and
substrate 41 to be crossed by planar          plate is referred to as a
witness plate. metallization leads 46 and 47. Outer perimeter       (6) Die
42 are placed in etched through-holes 41p of substrate 41 may be formed
approxi-  so       41h with upper surfaces 42u against the witness mately
perpendicular to surface 41u, as shown        plate. in FIG. 6B, or may  be
formed to match the          (7) The wafer and/or substrate 41  and die 42
are angle of surface 58a of heat sink 51  as shown       pressed against
the witness plate to prevent in FIG. 6C, or may be shaped as illustrated in
encroachment of gap filling material 43f onto FIG. 6D.
35      upper surfaces 42u of die 42  and upper surface (3) Any sharp
corners and edges in through-           41u of substrate 41. The witness
plate provides holes 41h are removed, preferably by  isotropic      a
reference plane which is substantially co- etching. It is believed that
sharp corners and       planar with upper surfaces 42u of die 42 and edges
in through-holes 41 h cause mechanical         41 u of substrate 41, and
against which upper stress concentrations and substrate cracking.   40
surface 43u of gap filler material 43f is formed. Only a slight etching is
required. For example,      (8) Gap filling material 43f is applied in gaps
where substrate 41 'is of silicon, a 45 to 90        43g between die 42,
substrate 41, and the wit- second dip in a mixture of 14.4%  hydroflouric
ness plate. Type CF-6 glass with 15 volume acid plus 71.3%  nitric acid
plus 14.3% acetic       percent [err], as described earlier, is useful for
acid, is generally adequate to remove the sharp   45  gap filling material
43f, but other materials with corners and edges of anisotropically etched
ta-      appropriate coefficients of thermal expansion pered through-holes.
The precise time depends        can also be used. It is desirable to
strike-off any upon the wafer thickness and etchant tempera-        excess
glass so that it does not coat the lower ture and is readily determined by
experiment.        surfaces of die 42, but this is not essential.
Through-holes 41h must have dimensions   so      (9) Gap filling material
43f is fired or cured to slightly exceeding the dimensions of  die 42 to
attach die 42 to substrate 41 by edges 42e so allow  for insertion
clearance. This insertion      that monolithic substrate-die   assembly 40
can clearance corresponds to gap 43g. For die 42 of      be obtained, and
to provide smooth unbroken dimensions 157 by 323 mils (4.0 by 8.2 mm), it
upper surface 43u bridging between die 42 and was found that with gap 43g
of  about 1 mil  56      substrate 41. (0.025 mm), insertion could be
conveniently ac-       (10) One or more metallization layers 46 and/or
complished and gap 43g filled by material 43f to     47 and any intervening
insulating layers 45 are 



have smooth upper surface 43u. Generally, gap        applied to the upper
surface of substrate-die    15                EP 0183 722B1
16 assembly 40 to interconnect contact points 44 of   layers to facilitate
joining by soldering. die 42 and provide external connection points or
(2) Connection substrate 53 is formed by mask- pads 44a for external
connection of   assembly     ing and etching a silicon wafer to obtain 40.
Conventional planar IC metal deposition and    through-holes 59 whose
location corresponds to patterning techniques are convenient for forming
5  the locations of external contact points 44a on off-chip
interconnections 46-47. Al, Au, Ti-W,      assembly 40. It is desirable
that holes 59 have and other commonly used interconnect metal-        side
walls which are substantially perpendicular lization materials are
suitable. Semi-metals and   to substrate 53. Techniques such as ultrasonic
semiconductors may also be used; Techniques         milling, ion milling,
diamond abrasive drilling, or for forming and patterning such materials are
10    laser cutting may be used for forming holes 59. well known in the
art. For the off-chip intercon-      Surface 58b in substrate 53 is formed,
pref- nections, it is preferred to use the same materi-  erably using
lithographic techniqes and an- als and methods as used for the monolithic
on-     isotropic etching. It Is desirable that both holes chip
interconnections. This minimizes the num-      59 and surface 58b be formed
from a common ber of different metallurgy systems and pro-  15    mask so
that there is no need for an intermedi- cesses involved in assembly 40.
ate alignment step. Regions having different (11) If die 42 have unequal
thickness or are        etching requirements may be conveniently self-
thinner or thicker than substrate 41, the lower     aligned using a
master-mask technique, such as surfaces of die 42 and/or substrate 41 and
gap      is described in United States Patent 4,199,380. filler material
43f of assembly 40 are lapped   20  This insures that surface 58b and holes
59 are until the lower faces of die 42 are coplanar so as  precisely
located with respect to each other. It is to be able to mate with
non-articulated heat sink   desired that surfaces 60 in and about holes 59
48. This is especially useful since variations in   where pins 54 are fixed
to connection substrate die and/or substrate thickness are to be ex-
53 be insulated by forming thereon surface in- pected.
25      sulating layer 55 of, for example, silicon oxide or (12) Where
isolation of die 42 from heat sink 48    nitride. Alternatively, an
insultaing layer may be is desired, the lower faces of die 42 or the
applied to those portions of pins 54 which con- upper surface of heat sink
48 are optionally       tact substrate 53. Pins 54 are conveniently fixed
coated with a thin insulating layer, for example,  in insulated holes 59 by
soldering. A 80% gold - silicon oxide. Other insulating layers may also
30  20%  tin solder, manufactured by Cominco be used. It is desirable that
they adhere strong-   American Co., of Spokane, Washington is suit- ly.
able. Solder bumps 56 are readily provided on the heads of pins 54 by
solder dipping or plat- EXAMPLE II                                     35
ing, and reheating, either before or after installa- tion in substrate 53.
The reheating step may be The following is an example in which mono-
combined with the sealing of pins 54 into sub- lithic assembly 40 is
utilized in conjunction with a  strate 53. Providing solder bumps on pins
54 mating housing to form encapsulated module 50.        involves fewer
processing steps than forming For convenience, this example is described
for the   40  solder bumps on connection points 44a, as dis- situation
where die 42 and substrate 41 are silicon.  cussed in step (1) above, and
is preferable. Those of skill in the art will understand   that other  (3)
Heat sink 51 and seal ring 52 are formed by compatible materials can also
be used.                masking and etching in a manner similar to (1)
Monolithic assembly 40 is provided, as de-      connection support plate
53. Lithography and scribed in connection with Example   [err] above. It
45  anisotropic etching are conveniently used to is convenient that
assembly 40 have perimeter       provide flat surface 57c on heat sink 51
for 41p which has a predetermined size and shape,      interfacing to lower
surface of assembly 40, and including the provision of one or more
alignment   for forming surface 58a whose lateral dimen- keys or surfaces,
such as are illustrated in FIGS.  sions match perimeter 41p of substrate 41
of 5, 6A-D, and 7. After external connection points  50  assembly 40.
Alignment surface 58c is formed 44a have been formed, solder bumps 56 may
at the same time and in the same manner as be formed thereon. This may be
done before or       alignment surface 58a so that they are self- after
assembly 40 is separated from the starting    aligned. wafer of substrate
41. Methods for forming sol-        Surfaces 58b and 58c of seal ring 52
are der bumps are well known in the : art. Alter-  55   similarly formed so
as to mate with heat sink 51 natively, solder bumps may be formed directly
and connection substrate 53. In the case of seal on pins 54 and omitted
from connection points      ring 52, it is convenient to form surfaces 58b 



44a. Connection points 44a may have surface         and 58c by anisotropic
etching from each side 10    17                 EP 0183722 B1
18 of a silicon wafer which has been lapped to the        ness, and a
support means (41) having a plu- thickness desired for seal ring 52.
rality of tapered through-holes for receiving the (4) Sealing means is
applied to interfaces 57a-c.      chips (42), and having joining means (43)
for Marz Indium foil manufactured by Materials Re-         holding the
chips (42) in the through-holes, search Corporation, Orangeberg, N.Y., is a
suit-   5   CHARACTERISED IN THAT the chips are in- able sealing means.
Heat sink 51, assembly 40,         tegrated circuits having multiple
contacts on seal ring 52, and connection substrate 53 are          one side
thereof, each chip being oriented In a. assembled in a stacked relationship
so that in-        tapered hole with the contacts closest to the
terconnection means 56 are in contact with con-        narrower end of said
hole, the support means nection points 44a. The assembled stack is then  10
is of a thickness less than or equal to said first heated to fuse the
sealing means to the several        thickness of the semi-conductor chips,
and the parts and fuse connect pins 54 to connection           electrical
structure further comprises leads (46, points 44a by means of solder bumps
56. It is          47) formed by means  of planar metallization desirable
that this heating take place in vacuum       technology mutually
interconnecting the inte- or a controlled atmosphere.                   is
grated circuits. The resulting module 50 is hermetic. Fur- ther, since the
major structural components of     2. The structure of claim 1 wherein the
tapered module 50 can be substantially formed entirely        through-holes
in the support means have a from the same material, in this example
silicon,       slightly  rounded  edge where the tapered the mechanical
stress induced during assembly   20      through-holes join a face of the
support means. and by subsequent temperature excursions is very low.
Further, the number of non-monolithic    3. The structure of claim 2
wherein the support (e.g. soldered or welded) electrical connections
means is single crystal and the side of the in module 50 is much smaller
than the number          tapered through-hole consists substantially of of
monolithic connections to IC chips 42 moun-   25    anisotropically etched
predetermined crystal- ted within the module. By reducing the number
lographic planes. of non-monolithic electrical connections, the re-
liability is improved.                             4. The structure of
claim 3 wherein the slightly The present invention provides a means and
rounded edge is formed by isotropic etching. method for electronic
assemblies and modules   30 which improves the packing density of IC chips
5. A method for forming an electronic structure and components, which
permits chips made us-           having a plurality of semiconductor dice
(42) of ing different process technologies to be placed        a first
thickness and a contact location on a in a single monolithic substrate
having a smooth       first surface thereof, wherein the dice are surface,
which reduces the number of non-mo-   35      mounted in tapered
through-holes in a support nolithic electrical connections, which  provides
plate (41) and retained therein by a filler ma- for more efficient removal
of heat from the IC        terial (43) contacting an edge of the dice and a
chips and components, which reduces the gen-           side of support
plate holes, CHARACTERISED eration of mechanical stress, which utilizes
self      BY said dice comprising integrated circuits aligned assembly,
which leaves the rear faces of   40  each having multiple contacts on the
first sur- the IC die and components accessible for con-          face
thereof, and the steps  of providing that ductive heat removal, which
avoids use of an           said support plate is of a thickness less than
or articulated heat sink, which provides a hermetic       equal to said
thickness of said dice, inserting module, which employs the same monolithic
the dice in the tapered through-hole with the interconnection techniques
for interconnecting   45    contacts adjacent the narrower end of the ta-
the IC chips and components as are used on             pered through-holes
and forming heads (46,47) the components themselves, and which permits
by means of planar metallization technology to the major structural
components of the module          mutually interconnect the integrated
circuits. to be made, if desired, out of the same material as the
semiconductor. These features result in  50  6. The method of claim 5
further comprising the improved performance, reliability, and cost.
step of rounding the edges of the tapered through-hole. 7. The method of
claim  6 where the step of Claims
55      rounding the edges comprises isotropically etching the side and
edges of the tapered 1. An electrical structure (40) comprising a plural-
through-hole. 
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lapped to the       ness, and a support means (41) having a plu- thickness
desired for seal ring 52.                   rality of tapered through-holes
for receiving the (4) Sealing means is applied to interfaces 57a-c.
chips (42), and having joining means (43) for Marz Indium foil manufactured
by Materials Re-        holding the chips (42) in the through-holes, search
Corporation, Orangeberg, N.Y., is a suit-   5  CHARACTERISED IN THAT the
chips are in- able sealing means. Heat sink 51, assembly 40,
tegrated circuits having multiple contacts on seal ring 52, and connection
substrate 53 are         one side thereof, each chip being oriented in a
assembled in a stacked relationship so that in-       tapered hole with the
contacts closest to the terconnection means 56 are in contact with con-
narrower end of said hole, the support means nection points 44a. The
assembled stack is then   10  is of a thickness less than or equal to said
first heated to fuse the sealing means to the several       thickness of
the semi-conductor chips, and the parts and fuse connect pins 54 to
connection          electrical structure further comprises leads (46,
points 44a by means of solder bumps 56. It is         47) formed by means
of planar metallization desirable that this heating take place in vacuum
technology mutually interconnecting the inte- or a controlled atmosphere.
15       grated circuits. The resulting module 50 is hermetic. Fur- ther,
since the major structural components of    2. The structure of claim 1
wherein the tapered module 50 can be substantially formed entirely
through-holes in the support means have a from the same material, in this
example silicon,      slightly  rounded edge where the tapered the
mechanical stress induced during assembly   20    through-holes join a face
of the support means. and by subsequent temperature excursions is very low.
Further, the number of non-monolithic   3. The structure of claim 2 wherein
the support (e.g. soldered or welded) electrical connections      means is
single crystal and the side of the in module 50 is much smaller than the
number          tapered through-hole consists substantially of of
monolithic connections to IC chips 42 moun-   25   anisotropically etched
predetermined crystal- ted within the module. By reducing the number
lographic planes. of non-monolithic electrical connections, the re-
liability is improved.                            4. The structure of claim
3 wherein the slightly The present invention provides a means and
rounded edge is formed by isotropic etching. method for electronic
assemblies and modules   30 which improves the packing density of IC chips
5. A method for forming an electronic structure and components, which
permits chips made us-          having a plurality of semiconductor dice
(42) of ing different process technologies to be placed       a first
thickness and a contact location on a in a single monolithic substrate
having a smooth      first surface thereof, wherein the dice are surface,
which reduces the number of non-mo-   35     mounted in tapered
through-holes in a support nolithic electrical connections, which. provides
plate (41) and retained therein by a filler ma- for more efficient removal
of heat from the IC        terial (43) contacting an edge of the dice and a
chips and components, which reduces the gen-          side of support plate
holes, CHARACTERISED eration of mechanical stress, which utilizes self
BY said dice comprising integrated circuits aligned assembly, which leaves
the rear faces of  40  each having multiple contacts on the first sur- the
IC die and components accessible for con-         face thereof, and the
steps, of providing that ductive heat removal, which avoids use of an
said support plate is of a thickness less than or articulated heat sink,
which provides a hermetic      equal to said thickness of said dice,
inserting module, which employs the same monolithic             the dice in
the tapered through-hole with the interconnection techniques for
interconnecting   45   contacts adjacent the narrower end of the ta- the IC
chips and components as are used on            pered through-holes and
forming heads (46,47) the components themselves, and which permits
by means of planar metallization technology to the major structural
components of the module         mutually interconnect the integrated
circuits. to be made, if desired, out of the same material as the
semiconductor. These features result in  50  6. The method of claim 5
further comprising the improved performance, reliability, and cost.
step of rounding the edges of the tapered through-hole. 7. The method of
claim  6 where the step of Claims                               56
rounding the edges comprises isotropically etching the side and edges of
the tapered 1.  An electrical structure (40) comprising a plural-
through-hole. ity of semiconductor chips (42) of a first thick- 
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claim 5 wherein the support            des puces et une parol des trous
dans la plate is single crystal and tapered through-hole     plaque de
support, CARACTERISE PAR le fait in the support plate comprises forming the
que les puces sont constituees par des circuits tapered through-hole by
preferential etching.       integr~s ayant chacun des contacts multiples 5
sur leur premibre surface, et par les 6tapes suivantes: on fait en sorte
que la plaque de Revendlcations
support ait une 6palsseur infdrieure ou egaie A I'6paisseur des puces, on
insbre les puces 1. Une structure electrique (40) comprenant un
dans les trous traversants allant en diminuant, ensemble de puces de
semiconducteurs (42)  io        avec les contacts adjacents a l'extremite
la d'une premiere 6paisseur, et des moyens de           plus etroite des
trous traversants allant en di- support (41) comprenant un ensemble de
trous         minuant, et on forme des conducteurs (46, 47) traversants
allant en diminuant qui sont desti-      au moyen d'une technologie de
metallisation nes a recevoir les puces (42), et ayant des         sur une
surface plane, pour Interconnecter mu- moyens de jonction (43) pour
maintenir les   i5      tuellement les circuits int6gres. puces (42) dans
les trous traversants. CARAC- TERISEE EN CE QUE les puces sont des
6. Le proc6de de la revendication 5, comprenant circuits int6gr6s ayant des
contacts multiples       en outre les 6tapes suivantes: on arrondit les sur
l'une de leurs faces, chaque puce 6tant          bords des trous
traversants allant en dimi- orientee dans un trou allant en diminuant avec
20  nuant. les contacts du c6t6 le plus proche de l'extre- mit6 etroite du
trou, les moyens de support ont  7. Le proc6de de la revendlcation 6, dans
lequel une epaisseur Inferieure ou egale a la premie-       I'etape
d'arrondissement des bords comprend re epaisseur des puces de
semiconducteurs,           i'attaque isotrope des parois at des bords des
et la structure 6lectrique comprend en outre  26     trous traversants
allant en diminuant. des conducteurs (46, 47), formes au moyen d'une
technologie de metallisation sur une sur-  8. Le proc6de de la
revendication 5, dans lequel face plane, qui Interconnectent mutuellement
la plaque de support consiste en un monocris- les circuits int6gres.
tal et l'6tape de formation des trous traversants 30      allant en
diminuant dans la plaque de support 2. La structure de la revendication 1,
dans laqual-     comprend la formation des trous traversants le les trous
traversants allant en diminuant,        allant en diminuant par attaque
pr6f6rentlelle. dans les moyens de support, ont un bord legbrement arrondi
a l'endroit auqual ces trous traversants allant en diminuant se raccordent
a   3s  AnsprUche une face des moyens de support. 1. Elektrisches
Bauelement mit mehreren Halblei- 3. La structure de la revendication 2,
dans laquel-     terchips (42) in einer ersten Dicke und mit le les moyens
de support consistent en un            einem Trager (41), der mehrere sich
verjiUn- monocristal et la paroi du trou traversant allant  40  gende
Durchgangsl8cher .zur Aufnahme der en diminuant est constitute pratiquement
par         Chips (42) und der ZusammenfOgung dlenen- des plans
cristallographiques pred~termin6s          de Hilfsmittel (43) zum
Festhalten der Chips qui sont attaques de facon anisotrope;
(42) in den Durchgangsl8chern aufweist, DADURCH GEKENNZEICHNET, dafl die
Chips 4. La structure de la revendication 3, dans laquel-  4s  an ihrer
einen Seite mehrere Kontakte aufwei- le le bord l6gerement arrondi east
formb par         sende, integrierte Schaltungen sind, bei denen attaque
isotrope.                                   jades Chip in dem sich
verjOngenden Durch- gangsloch derart orientiert ist, dafi die Kontakte 5.
Un proc6d6 de formation d'une structure Aiec-        dem engeren Ende des
Locnes am dichtesten tronique comprenant un ensemble de puces   Bo
liegen, daBi der Tr~ger elne Dicke besitzt, die de semiconducteurs (42)
ayant une. premibre          geringer als die erste Dicke der
Halbleiterchips epaisseur et ayant une position de contact sur       oder
gleich dieser ist, und dall das elektrische une premiere de leurs surfaces,
dans laquelle       flauelement ferner Leitungen (46, 47) enthalt, les
puces sont montees dans des trious traver-       die mit Hilfe einer
planaren Metallisierungs- sants allant en diminuant qui sont form6s dans
55  technik ausgebildet sind, durch die die inte- une plaque de support
(41), et elles sont rete-      grierten Schaltungen gegenseitig verbunden
nues dans ces trous par une matiere de rem-          werden. plissage (43)
qui vient en contact avec un bord 
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B1                      22 2. Bauelement des Anspruches 1, bei dem die
umfalt. sich veriUngenden Durchgangslocher in dem Trager einen etwas
gerundeten Rand besitzen, an dem die sich verjUngenden Durchgangsib- cher
in eine FlIche des Tragers Uibergehen.  5 3. Bauelement des Anspruches
2,'bei dem der Triger ein einzelner Kristall ist und 'die Seite des sich
verjOngenden Durchgangsloches im wesentlichen aus anisotrop geatzten,
vorherbe-   10 stimmten kristallographischen Ebenen besteht. 4. Bauelement
des Anspruches 3, bei'dem der etwas abgerundete Rand durch isotropes At-
zen ausgebildet ist.                        is 5. Verfahren zur Ausbildung
eines elektronischen Bauelementes mit mehreren wUrfelartigen
HalbleiterstUcken (42) in einer ersten Dicke, auf deren einer Flache ein
Kontakt angeordnet  20 ist, wobel die wUrfelartigen Halbleiterstucke in
sich verjungenden Durchgangsldchern einer Tragerplatte (41) angebracht und
in diesen von einem FOllmaterial (43) festgehalten werden, das mit einem
Rand des Halbleiterst~ckes und   26 einer Seite der L6cher in der
Tragerplatte in BerUhrung steht, DADURCH GEKENNZEICH- NET, daB jedes
wOrfelartige Halbleitersttck, das integrierte Schaltungen enth~lt, auf
seiner ersten AuBenflache mehrere Kontakte aufweist,  30 dall die
Tragerplatte, die eine Dicke besitzt, die geringer als die Dicke des
wUrfelartigen HalbleiterstOckes oder gleich dieser ist, daf das
wOrfelartige HalbleiterstUck in dem sich verjingenden Durchgangsloch derart
einge-   36 setzt wird, daB sich die Kontakte neben dem engeren Ende der
sich verjUngenden Durch- gangsl6cher befinden, und daB Leitungen (46, 47)
mit Hilfe einer planaren Metallisierungs- technik ausgebildet werden, um
die integrier-  40 ten Schaltungen gegenseitig miteinander zu verbinden. 6.
Verfahren des Anspruches 5, bei dem ferner die Rander des sich verjOngenden
Durch-   45 gangsloches abgerundet werden. 7. Verfahren des Anspruches 6,
bei daem  das Abrunden der RWnder in der Weise erfolgt, daIl die Seite und
die Rander des sich veriOngen-  5o den Durchgangsloches isotrop geitzt
werden. 8. Verfahren nach Anspruch 5, dadurch gekenn- zeichnet, daB die
Tragerplatte ein Einkristall ist und daA der Schritt des Ausbildens eines
sich   56 verjUngenden Durchgangsloches in der Triger- platte das Formen
des sich verjigenden Durchgangsloches vorzugsweise' durch Atzen 13 C   L
M    S    


