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ultrasonic bonding, or thermal compression bond- ing may be used to mount
the flexible film semi- The present invention relates to electronic
conductor chip carrier on the second level elec- packaging, and more
particularly relates to a meth-  tronic package with the semiconductor chip
back- [err] and apparatus for mounting a flexible film semi-   5   bonded
to the second level package. However, [err] chip carrier on a circuitized
substrate  each of these techniques results in a non-planar such as a
printed circuit card or board.           ("tent") geometry for the
circuitized, flexible film Typically, one or more semiconductor chips, or
carrying the semiconductor chip, when the flexible other such electronic
devices, are mounted on a    film semiconductor chip carrier is mounted on
the first circuitized substrate (called a semiconductor  10  second level
electronic package. Such a tent ge- chip carrier, or, more generally, a
first level elec-  ometry for the circuitized, flexible film raises re-
tronic package), which, in turn, is mounted on a   liability concerns
because stresses may be im- second circuitized substrate, such as a printed
posed on the circuitry on the flexible film, or on circuit card or board
(more generally called a sec-  joints, such as C-4 joints between the
semiconduc- ond level electronic package). The electronic  15  tor chip and
C-4 pads on the flexible film, during device(s) mounted on the first level
electronic    the process of mounting the film on the second package are
electrically connected through the cir-  level electronic package, or
during subsequent use cuitry of the first level package to the circuitry of
of the resulting electronic packaging structure. In the second level
electronic package. The resulting  addition, such a tent geometry for the
circuitized, structure may be used as part of a computer or  20  flexible
film presents problems such as difficulty in other such equipment.
aligning outer bonding pads on the flexible film with In FR-A-2 382 101 a
method for outer lead       mating pads on the second level package,
difficulty bonding a circuitized, flexible film onto a circuitized  in
making sufficiently strong bonds between the substrate is described. A
flexible film on which a  flexible film and the second level package to
hold chip is attached is bonded together with the chip  25  the flexible
film in position and prevent it from on a solid substrate which is used as
a heat sink.  springing up, difficulty in preventing electrical The
flexible film comprises leads for providing con-  shorting between the
circuitry on the flexible film nections from the chip to other components.
and the edges of the semiconductor chip over Neues aus der Technik, No.
3/4, 15.08.84,       which the film is draped, and difficulty in ade- page
2, Wurzburg, DE discloses a substrate with  30  quately cleaning under the
film once it is in posi- chips and a flexible circuitized film in a plane
tion on the second level electronic package. above the surface of the
substrate. The film is        A planar geometry for the circuitized,
flexible supported by spacers (solder balls) having a height  film is very
desirable since it eliminates or alle- which allows the circuit lines of
the film to pass  viates the foregoing concerns and problems, and above the
chips with a little distance. The spacers  35  one solution is to provide a
cavity in the second and the circuit lines are used to connect parts of
level electronic package which accommodates the the circuits on the
substrate.                     semiconductor chip mounted on the
circuitized, US-A-4 512 509 shows a template with open-      flexible film,
thereby allowing the flexible film to ings and pins to provide correct
alignment for     assume the desired planar geometry. However, this bonding
a chip carrier to a metallized substrate.  40  solution is not particularly
desirable since, for ex- A particularly versatile first level electronic
ample, it decreases the wireability of the second package is a flexible
film semiconductor chip car-  level package. Also, placing the
semiconductor rier, for example, as described in US-A-4 681 654  chip in a
cavity presents a flux cleaning problem. and in US-A-4 766 670. This type
of first level        Therefore the invention as claimed is intended
electronic package comprises a circuitized, flexible  45  to provide a
method and apparatus for simple and substrate, such as a relatively thin
sheet of      reliable mounting of a flexible film semiconductor polyimide
having a thickness between approxi-      chip carrier on a second level
electronic package mately 5.1 to 7.6 micrometers (about 0.0002 to     such
that the circuitized, flexible film of the carrier 0.0003 inch) and having
circuitry formed on at least  is substantially planar when mounted on the
sec- one side of the polyimide sheet. A semiconductor  50  ond level
electronic package, without providing a chip, or other such electronic
device, may be      cavity in the second level electronic package. mounted
on pads, such as controlled collapse chip      The advantages of the
present invention are connection (C-4) pads, which are part of the cir-
attained by positioning an electrically conductive cuitry formed on the
polyimide sheet, and then the  spacer between each outer lead bonding pad
on a resulting structure may be mounted on a printed  55  flexible film
semiconductor chip carrier and a cor- circuit board, or other such second
level electronic  responding (matching) bonding pad on a second package.
level electronic package on which the carrier is to Conventional techniques
such as solder reflow,  be mounted. Each spacer has a height approxi- 2    



3                 EP 0 281 899 B1                    4 mately equal to the
height of the semiconductor    carrier having a planar geometry as desired.
chip, or other such electronic device, which is to be  In the following the
invention is described in mounted on the flexible film. Thus, the spacers
detail in conjunction with the accompanying draw- physically support the
flexible film substantially in a  ings, in which like reference numerals
identify like plane above the surface of the second level elec-   5
elements, and in which: tronic package, as desired, when the flexible film
Figure 1   is a cross-sectional view of a flexi- semiconductor chip carrier
is mounted on the sec-                ble film semiconductor chip carrier
ond level electronic package with the semiconduc-               mounted on
a printed circuit board. tor chip backbonded to the surface of the second
Figure 2   is a perspective view of a template level electronic package.
Also, the spacers elec-  to           for placing solder ball spacers
trically connect the outer lead bonding pads of the             and/or a
semiconductor chip on a circuitry on the flexible film to the mating
bonding            flexible film of a flexible film semi- pads on the
second level electronic package.                    conductor chip carrier.
Preferably, the spacers are metal balls, such as  Figure 3   is an exploded
view of a special solder balls or solder coated copper balls, which   15
assembly fixture for mounting a are positioned on the outer lead bonding
pads of                plurality of flexible film semicon- the circuitry on
the flexible film using a special               ductor chip carriers on a
second template, and then bonded to these pads by heat-
level electronic package. ing the metal (solder) to its melting temperature
Figure 4   is a cross-sectional view of the as- followed by cooling the
metal (solder) to a tem-   20           sembly fixture shown in Figure 3
perature, such as room temperature, to solidify the             with a
flexible film semiconductor metal (solder) and bond it to the pads. Then,
the               chip carrier and a printed circuit flexible film
semiconductor chip carrier with the                board clamped in the
fixture. spacers is mounted on the second level electronic      Referring
to Figure 1, a cross-sectional view is package using a special assembly
fixture compris-  25  shown of a flexible film semiconductor chip carrier
ing a base plate having locating pins and clamping  2 mounted on a printed
circuit board 4 as a cir- studs extending out from one surface of the
plate,  cuitized substrate to form an electronic packaging a pressure
insert with clearance holes and an      structure. As shown in Figure 1,
the flexible film opening for accommodating the flexible film semi-
semiconductor chip carrier 2 comprises a frame 3 conductor chip carrier,
and a top plate with clear-  30  holding a flexible film 6 with circuitry
(not shown) ance holes through which the clamping studs of the  on at least
one side of the film 6. A semiconductor base plate may pass. The pressure
insert is placed  chip 8 is mounted on the carrier 2 and backbonded on the
base plate with selected locating pins on the  to the printed circuit board
4. As shown in Figure 1, base plate extending through the clearance holes
controlled collapse chip connections (C-4's) 9 are on the pressure insert.
Then, the flexible film semi-  35  used to mount the semiconductor chip 8
on inner conductor chip carrier is placed over the opening in  lead bonding
pads 16 of the circuitry (not shown) the pressure insert with the selected
locating pins  on the flexible film 6 of the flexible film semicon- on the
base plate extending through a frame, or   ductor chip carrier 2. The
semiconductor chip 8 is other such structure, for handling and positioning
backbonded to the circuit board 4 using an inter- the carrier. After the
flexible film semiconductor  40  poser 7 made of a material, such as a
metal, for chip carrier is in position on the pressure insert, the
facilitating heat transfer between the semiconductor second level
electronic package is placed on top of  chip 8 and the circuit board 4, and
for alleviating the carrier with other selected locating pins on the
thermal coefficient of expansion mismatches be- base plate extending
through locating holes in the  tween the chip 8 and the circuit board 4.
Elec- second level package. Then, the top plate is placed   45  trically
conductive spacers 10 between outer lead over the second level electronic
package with the  bonding pads 11 of the circuitry on the flexible film
clamping studs on the bottom  plate passing        6 and mounting pads 12
of the circuitry on the through the clearance holes of the top plate, and
circuit board 4, physically support the flexible film the top plate and
bottom plate are clamped to-     6 substantially in a plane above the
surface of the gether using the clamping studs. This entire as-  so
circuit board 4, and electrically interconnect the sembly is then heated,
for example, by placing it in  outer lead bonding pads 11 of the circuitry
on the a vapor phase solder reflow machine, to reflow the  flexible film 6
and the mounting pads 12 of the solder of the spacers and thereby mount the
flexi-  circuitry on the circuit board 4. ble film semiconductor chip
carrier on the second      The printed circuit board 4 may be made in level
electronic package. The assembly fixture may   55  any one of a number of
different ways, and may be then be disassembled leaving the flexible film
composed of combinations of a number of different semiconductor chip
carrier mounted on the second   materials. For example, the printed circuit
board 4 level electronic package with the flexible film of the  may be made
of layers of glass cloth impregnated 3    



5                 EP 0 281 899B1                       6 with epoxy resin
or other such dielectric material,  for alleviating thermal coefficient of
expansion mis- with circuitry (not shown) formed on the top surface
matches between the chip 8 and the circuit board of the board 4 and/or
between the layers of dielec-  4. For example, if the semiconductor chip 8
is tric material making up the board 4. Preferably, at  made primarily of a
material such as silicon, and least one layer of the printed circuit board
4 is a   5   the circuit board 4 is made primarily of a material ground
plane (not shown) providing a ground return   such as glass cloth
impregnated with epoxy resin, for the wires (circuit lines) on the
circuitized, flexi-  then the interposer 7 may be made of a metal, ble film
6 of the flexible film semiconductor chip  such as a copper clad "INVAR"
material sold by carrier 2 which is mounted on the printed circuit    Texas
Instruments, Inc., which has a coefficient of board 4.
10  thermal expansion between the coefficient of ther- Basically, the
printed circuit board 4 may have  mal expansion of silicon and the
coefficient of virtually any desired size and shape, as long as    thermal
expansion of glass cloth impregnated with there is at least one area on the
board 4 suitable   epoxy resin. Thus, the copper clad "INVAR" ma- for
mounting the flexible film semiconductor chip   terial of the interposer 7
would act as a thermal carrier 2 on the printed circuit board 4.       15
coefficient of expansion "bridge" between the sili- Preferably, the area on
the printed circuit board  con of the semiconductor chip 8 and the glass 4
for mounting the flexible film semiconductor chip  cloth impregnated with
epoxy resin of the circuit carrier 2 on the printed circuit board 4 is a
substan-  board 4, to alleviate the thermal coefficient of ex- tially
planar area. Also, it should be noted that    pansion mismatch between the
chip 8 and the although the present invention is described with  20
circuit board 4. Also, the interposer 7 facilitates respect to mounting the
flexible film semiconductor    rework if the interposer 7 is attached to
the surface chip carrier 2 on a printed circuit board 4, the     of the
printed circuit board 4 by soldering, since present invention is broadly
directed to mounting   the semiconductor chip 8, and the interposer 7, can
the flexible film semiconductor chip carrier 2 (first  be easily removed
from the surface of the printed level electronic package) on virtually any
second   25  circuit board 4 by heating. circuitized substrate (second
level electronic pack-    The interposer 7 may be attached to the semi-
age).                                                conductor chip 8,
using thermally conductive ep- Further, it should be noted that although
the    oxy, before the flexible film semiconductor chip present invention
is described with respect to the   carrier 2 is mounted on the printed
circuit board 4. flexible film semiconductor chip carrier 2 carrying a   30
Then, the interposer 7 may be attached to the semiconductor chip 8, the
carrier 2 may carry any    printed circuit board 4 by soldering, at the
same one, or a plurality, of a number of different elec-  time the flexible
film semiconductor chip carrier 2 tronic devices, such as resistors and/or
capacitors,  is mounted on the circuit board 4. in addition to, or in lieu
of, the semiconductor chip   However, it should be noted that, in certain
8. Further, it should be noted that, as shown in  35  situations, it may be
desirable to backbond the Figure 1, preferably, the semiconductor chip 8 is
semiconductor chip 8 directly to the surface of the mounted on the flexible
film semiconductor chip      printed circuit board 4, without using the
interposer carrier 2 using controlled collapse chip connections  7. For
example, if the printed circuit board 4 is (C-4's) 9. However, if desired,
the semiconductor    made of a material(s) having a coefficient of ther-
chip 8, and/or other electronic devices, may be   40   mal expansion which
closely matches the coeffi- mounted on the flexible film semiconductor chip
cient of thermal expansion of the semiconductor carrier 2 by using a
thermal compression bonding     chip 8 which is to be backbonded to the
circuit technique, or other such technique.                  board 4, and
rework requirements are not of great Preferably, the circuitry on the
printed circuit  concern, then it may be desirable to backbond the board 4
comprises copper circuit lines each ap-   45  semiconductor chip 8 directly
to the surface of the proximately 76.2 micrometers wide (about 0.003
printed circuit board 4 by soldering, by using a inch), and having a height
(thickness) of approxi-  thermally conductive epoxy, or by using another
mately 35.6 micrometers (about 0.0014 inch). How-    such suitable
technique. ever, it should be noted that the width and thick-      As best
shown in Figure 2, the frame 3 is a ness of the circuit lines may vary
depending on   so  square, ring like structure, attached to the edges of
factors such as the capabilities of the process used  the flexible film 6
of the flexible film semiconductor to form the circuitry on the printed
circuit board 4,  chip carrier 2, and includes locating holes 14 for the
planned use for the circuitry, and the perfor-  registration of the
flexible film 6 during manufacture mance characteristics expected of the
circuitry and  of the flexible film 6 on the frame 3, and during of the
overall electronic packaging structure.  55   mounting of the flexible film
semiconductor chip As mentioned previously, the interposer 7 is     carrier
2 on the printed circuit board 4. If desired, provided for facilitating
heat transfer between the  slots or notches in the frame 3, or other such
semiconductor chip 8 and the circuit board 4, and    means, may be used to
perform this registration. 4    



7                 EP 0 281 899 B1                    8 The frame 3 has
dimensions compatible with the     inner lead bonding pads 16 of the
circuitry on the dimensions of the flexible film 6. For example, if
flexible film 6. the flexible film 6 is approximately a 44.1 millimeter
For example, the frame 3 may comprise a (about 1.735 inch) square, then the
frame 3 may be  square, or rectangular, ring like structure made of a
square ring having an approximately 44.1 mil-   5   relatively thin
aluminum  having a thickness, for limeters (about 1.735 inches) square
outside edge,  example, of between approximately 50.8 microm- a height
(thickness) of approximately 1.6 millime-  eters (about 0.002 inch) and
177.8 micrometers ters (about 0.062 inch), and a frame width of virtu-
(about 0.007 inch). This relatively thin aluminum ally any dimension which,
preferably, does not     comprising the frame 3 may be a portion of a
overlap any of the circuitry on the flexible film 6 of  10  temporary full
panel, planar aluminum support on the flexible film semiconductor chip
carrier 2. The  which the circuitized, flexible film 6 is first made,
primary function of the frame 3 is to facilitate   and which has been
removed except for that part handling of the flexible film semiconductor
chip   of the aluminum support which is to remain as the carrier 2 during
its manufacture and during the    frame 3. For example, the undesired
portion of the mounting of the carrier 2 on the circuit board 4.  15
aluminum support may have been removed by Preferably, after the flexible
film semiconductor  etching away the aluminum in hydrochloric acid chip
carrier 2 is mounted on the printed circuit   with a photoresist, or other
such, mask protecting board 4, the frame 3 is removed from the flexible
that part of the aluminum support which is to film 6, for example, by
cutting the frame 3 away   remain as the frame 3. from the flexible film 6.
This prevents potential  20  Alternatively, the frame 3 may comprise a
movements of the frame 3 from adversely affecting  square, or rectangular,
ring like structure made of the inner lead bonds between the semiconductor
relatively thin aluminum, as described above, chip 8 and the circuit board
4, and the outer lead  mounted on a thicker matching ring structure of
bonds (spacers 10) between the flexible film 6 and  titanium. For example,
the titanium may have a the circuit board 4 after the flexible film
semicon-  25  thickness of approximately 1.6 millimeters (about ductor chip
carrier 2 has been mounted on the      0.062 inch). The relatively thin
aluminum ring like circuit board 4. Of course, if the frame 3 is so small
structure may be mounted on the thicker titanium (thin) that its potential
movement is not of concern  ring like structure by adhesive lamination.
This relative to the integrity of the inner and/or outer  combination
aluminum-titanium structure may be lead bonds, then it may not be necessary
to re-  30  preferred in certain situations since the coefficient move the
frame 3. Also, if there is some further   of thermal expansion of titanium
is compatible with purpose which the frame 3 may serve after the      glass
cloth impregnated with epoxy resin, or other flexible film semiconductor
chip carrier 2 has been  such material, which is likely to be the primary
mounted on the circuit board 4, then the frame 3   material comprising the
circuit board 4. However, may be left in place, if desired.             35
as noted previously, the frame 3 may be made of Although the frame 3 has
been shown as a ring   any one of a number of different materials, or like
structure in Figures 1-4, the frame 3 may have  combinations of different
materials, including ma- any one of a number of different configurations,
terials such as stainless steel, copper, polysulfone, and may be made of
any one of a number of          and/or polyimide material such as the
polyimide different materials, or combinations of different ma-  40
material sold under the trademark "KAPTON" by terials. Basically, the frame
3 should have the fol-  E. I. Du Pont de Nemours and Company. lowing
characteristics. It should be substantially     Preferably, the flexible
film 6 comprises a rela- chemically inert to chemicals which may be used
tively thin sheet of polyimide having a thickness, in expose, develop,
etch, clean, or other such pro-  for example, between approximately 5.1 to
7.6 mi- cesses, used in forming the circuitry on the flexible  45
crometers (about 0.0002 to 0.0003 inch), and hav- film 6. Also, the frame 3
should be rigid, or semi-  ing circuitry formed on at least one side of the
rigid, in the sense that it will lay substantially flat on  polyimide
sheet, for example, as described in US- a planar surface such that all of
its perimeter is  A-4 681 654. However, it should be noted that effectively
in contact with the planar surface. In  depending on the product which it
is desired to addition, the frame 3 should be able to withstand   50
produce, the application for that product, and other bonding temperatures
which may be reached when     such factors, it may be desirable to use
material(s) bonding the spacers 10 to the outer lead bonding   other than
polyimide for the flexible film 6. pads 11 of the circuitry on the flexible
film 6, or to  For most applications, when using a polyimide the mounting
pads 12 of the circuitry on the printed  sheet as the flexible film 6, the
polyimide sheet circuit board 4. Finally, the frame 3 should be able  55
should have a thickness less than approximately to withstand chip joining
process temperatures     12.7 micrometers (about 0.0005 inch) to provide
which may be reached when joining the semicon-     stress relief during
thermal cycling of the polyimide ductor chip 8, or other such electronic
device(s), to  when manufacturing and using the electronic pack- 5    
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This polyimide sheet may have a  (Cr/Cu/Cr) metallurgical system which is
personal- length and width of any dimensions which can be   ized using
photolithographic and etching tech- handled in the process used to
manufacture the    niques such as described in United States Patents
flexible film semiconductor chip carrier 2. However,  4,231,154, 4,480,288
and 4,517,051. The flexible the polyimide should not be so thin that it
loses its   5   film 6 may have circuitry formed on only one side,
structural integrity such that it cannot function as a  or, if desired, the
flexible film 6 may have circuitry structurally continuous dielectric
layer. For some  on both sides with interconnecting vias as de-
applications, it may be desirable for the polyimide  scribed, for example,
in the previously noted Unit- sheet to have a thickness between
approximately   ed States Patents 4,480,288 and 4,517,051. 12.7 and 25.4
micrometers (about 0.0005 and   io     As best shown in Figures 1 and 4,
the circuitry 0.001 inch). However, to provide the thermal stress  on the
flexible film 6 includes the inner lead bond- relief mentioned previously,
especially when using  ing pads 16 for use in mounting the semiconductor
controlled collapse chip connections (C-4's) 9 be-  chip 8, or other such
electronic device(s), on the tween the semiconductor chip 8 and the inner
lead  flexible film 6, and the outer lead bonding pads 11 bonding pads 16
of the circuitry on the flexible film  15  for use in mounting the flexible
film semiconductor 6, it is preferred that the polyimide not have a  chip
carrier 2 on the printed circuit board 4. Prefer- thickness greater than
approximately 25.4 microm-  ably, each of the outer lead bonding pads 11,
and eters (about 0.001 inch). When using other types of  inner lead bonding
pads 16, is made of copper, interconnections between the semiconductor chip
8  coated with a layer of gold to facilitate the bonding and the inner lead
bonding pads 16 of the circuitry  20  of the spacers 10, and the C-4's 9,
to the pads 11 on the flexible film 6, it may be feasible, and    and 16,
respectively. However, if desired, for exam- desirable, in certain
situations, to use a thicker  ple, for economic, or for other reasons, the
pads 11 sheet of polyimide as the flexible film 6. For exam-  and 16 may be
made of just copper, or they may pie, if a thermal compression bonding
technique is  be made of any one of a variety of other such used to make
the interconnections between the   25  conductive material(s) which will be
readily appar- semiconductor chip 8 and the inner lead bonding   ent to one
of ordinary skill in the art. pads 16 of the circuitry on the flexible film
6, then  The inner lead bonding pads 16, and the outer the polyimide sheet
forming the flexible film 6 may  lead bonding pads 11, on the flexible film
6, may have a thickness of up to approximately 127.0     have virtually any
desired size, and/or configura- micrometers (about 0.005 inch).
30  tion, such as round, oblong, square or rectangular. The polyimide
forming the flexible film 6 may  The considerations relative to the size
and configu- be any one of a number of specific materials. For  ration of
the bonding pads 11 and 16, are factors example, "5878" polyimide, which is
a polymer     such as the intended use (application) for the cir- formed
from  the monomers pyromellitic dian-      cuitry on the flexible film 6,
compatibility with the hydride and oxydianiline (commonly referred to as
35  manufacturing process used to make the circuitry "PMDA-ODA"), available
from E. I. Du Pont de      on the flexible film 6, compatibility with the
spacers Nemours and Company, may be used. This "5878"     10 and C-4's
which it is intended to bond to the polyimide is a thermo set condensation
polymer    pads 11 and 16, respectively, and other such fac- polyimide,
which is basically a high temperature,  tors. Relative to the spacing
between the outer lead elastic material. That is, it is capable of
withstand-  40  bonding pads 11, they should be spaced such that ing
processing temperatures up to approximately   the spacers 10 will not touch
(electrically short) four-hundred degrees centigrade, and may be       when
the spacers 10 are bonded onto the pads 11. stretched.
This same consideration regarding spacing also Preferably, the circuitry
(not shown) on the   applies to the spacing of the inner lead bonding
flexible film 6 is relatively fine line circuitry with the   45  pads 16 to
which the controlled collapse chip con- individual circuit lines having a
height (thickness) of  nections (C-4's) 9 are made. approximately 7.6
micrometers (about 0.0003 inch)    Similarly, preferably, each of the
mounting and a width of approximately 25.4 micrometers     pads 12 of the
circuitry on the printed circuit board (about 0.001 inch). However, it
should be noted   4 is made of copper, coated with a layer of gold to that
the thickness and width of the circuit lines may  50  facilitate the
bonding of the spacers 10 to the pads vary depending on factors such as the
capabilities  12. However, if desired, for example, for economic, of the
process used to form the circuitry on the  or for other reasons, the pads
12 may be made of flexible film 6, the planned use for the circuitry, and
just copper, or they may be made of any one of a the performance
characteristics expected of the   variety of other such conductive
material(s) which circuitry and of the overall electronic packaging   55
will be readily apparent to one of ordinary skill in structure.
the art. Also, preferably, the circuitry on the flexible   Also, as for the
inner lead bonding pads 16, film  6 comprises a chromium/copper/chromium
and outer lead bonding pads 11, of the circuitry on 6    
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the mounting pads 12 of the  may be a generally spherical solder ball made
of circuitry on the circuit board 4 may have virtually  approximately
ninety-five percent lead (Pb) and five any desired size, and/or
configuration, such as   percent tin (Sn) by weight, which is bonded to the
round, oblong, square, rectangular, etc. The con-  mounting pads 12 on the
circuit board 4 using a siderations relative to the size and configuration
of   5   eutectic Pb/Sn solder. Such spacers 10 made of the mounting pads
12 are factors such as the       spherical solder balls of approximately
95%- intended use (application) for the circuitry on the  Pb/5%-Sn provide
several advantages. For exam- circuit board 4, compatibility with the
manufacturing  ple, the compliancy, thermal reliability, and fatigue
process used to make the circuitry on the circuit  life of joints made with
the 95%-Pb/5%-Sn solder board 4, compatibility with the spacers 10 which it
io  balls is increased relative to joints, for example, is intended to bond
to the pads 12, and other such  made with copper balls coated with an
eutectic factors. Relative to the spacing between the mount-  Pb/Sn solder.
Also, the 95%-Pb/5%-Sn solder balls ing pads 12, they should be spaced to
match the   may be joined to the outer lead bonding pads 11 spacing of the
outer lead bonding pads 11 on the  on the flexible film 6 at the same time
the semicon- flexible film 6, and the spacing should be selected   15
ductor chip 8 is mounted on the flexible film 6 (as mentioned above with
respect to the spacing of  using the C-4's 9. In addition, the flexible
film the outer lead bonding pads 11 on the flexible film  semiconductor
chip carrier 2, with the 95%-Pb/5%- 6) to ensure that the spacers 10 will
not touch   Sn solder balls and the semiconductor chip 8 (electrically
short) when the spacers 10 are bonded  mounted on the flexible film 6 of
the carrier 2, may onto the pads 12.                            20  be
mounted on the printed circuit board 4 by As shown in Figures 1 and 2, the
spacers 10   soldering with a lower melting temperature solder are
spherical balls located between the outer lead  so that there is no need to
heat the C-4's 9 bonding pads 11 of the circuitry on the flexible film
between the semiconductor chip 8 and the inner 6 and the mounting pads 12
of the circuitry on the  lead bonding pads 16 on the flexible film 6, to a
printed circuit board 4. For example, if each of the   25  temperature
which could loosen the C-4's 9 when pads 11 and 12 is generally rectangular
with a    mounting the chip carrier 2 on the printed circuit width of
approximately 254.0 micrometers (about   board 4. Further, use of
95%-Pb/5%-Sn solder 0.010 inch), and a length of approximately 762.0  balls
as the spacers 10 simplifies rework of the micrometers (about 0.030 inch),
and the combined  electronic packaging structure after the flexible film
height (h) of the semiconductor chip 8 and the   so  semiconductor chip
carrier 2 is mounted on the interposer 7 is approximately 762.0 micrometers
printed circuit board 4 since the 95%-Pb/5%-Sn (about 0.030 inch), then
each of the spacers 10   solder balls will remain attached to the flexible
film may be a generally spherical, electrically conduc-  6 when the
flexible film semiconductor chip carrier tive ball having a diameter of
approximately 762.0  2 is removed from the printed circuit board 4 for
micrometers (about 0.030 inch). However, it should  35  rework. This
eliminates the need for first removing be noted that the spacers 10 may be
cylindrical, or  the flexible film semiconductor chip carrier 2 from have
any one of a number of different shapes.     the printed circuit board 4
and then removing the Regardless of the particular shape selected for
material forming the spacers 10 from the printed the spacers 10, the height
of each of the spacers  circuit board 4, which otherwise may be necessary
10 is selected to approximately equal the com-  40  to facilitate the
rework if the spacers 10 are made bined height (h) of the semiconductor
chip 8 and  of a material other than 95%-Pb/5%-Sn solder the interposer 7
used to backbond the semiconduc-  balls. Also, the 95%-Pb/5%-Sn solder
balls are tor chip 8 to the printed circuit board 4. In this  relatively
inexpensive compared to, for example, manner, the flexible film 6 is
supported substan-  solder coated copper balls. tially in a plane by the
spacers 10, when the   45    However, for some applications, it may be de-
flexible film semiconductor chip carrier 2 is moun-  sirable to use spacers
10 made of material(s) other ted on the circuit board 4. As discussed
above, this  than 95%-Pb/5%-Sn, such as copper balls coated planar geometry
for the flexible film 6 is a very  with a eutectic Pb/Sn solder (37% Pb/63%
Sn). For important feature of the present invention since it  example, the
spacers 10 may comprise a generally eliminates and/or alleviates many of
the concerns  50  spherical copper ball having a diameter of approxi- and
problems associated with a non-planar ("tent")  mately 660.4 micrometers
(about 0.026 inch), coat- geometry for the flexible film 6.
ed with a eutectic Pb/Sn solder having a thickness Also, it should be noted
that the spacers 10   of approximately 50.8 micrometers (about 0.002 may be
made of any one of a variety of different  inch). Compared to 95%-Pb/5%-Sn
solder balls, materials, or combinations of different materials,  55  such
solder coated copper balls have advantages such as solder, copper coated
with solder, stainless  such as higher electrical conductivity, and better
steel, nickel, or other such electrically conductive  dimensional
stability. Also, it is easier to make such material(s). For example, each
of the spacers 10  solder coated copper balls with uniform dimensions 7    
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such 95%-Pb/5%-Sn solder balls  carriers 2 on a matching three by three
pattern of with uniform dimensions.                           bonding sites
5 on the printed circuit board 4, the Referring to Figure 2, a perspective
view is    assembly fixture 30 may be designed to mount shown of a special
template 15 for bonding         practically any number of such flexible
film semi- (attaching) the spacers 10 to the outer lead bond-   5
conductor chip carriers 2 on the printed circuit ing pads 11 on the
flexible film 6 of the semicon-  board 4, or other such second level
electronic ductor chip carrier 2. If desired, the template 15  package, in
any one of a number of different pat- may also be used to bond (attach) the
semiconduc-  terns. tor chip 8 to the inner lead bonding pads 16 on the
Figure 4 is a cross-sectional view of the as- flexible film 6 of the
semiconductor chip carrier 2.  10  sembly fixture 30 shown in Figure 3 with
a flexible For ease of illustration, only some of the spacers  film
semiconductor chip carrier 2 and the printed 10 attached to the outer lead
bonding pads 11 of   circuit board 4 clamped in the fixture 30. Again, for
the flexible film 6 are shown in Figure 2.         ease of illustration,
only one semiconductor chip As shown in Figure 2, the template 15 is con-
carrier 2 (carrying one semiconductor chip 8) is structed from a single
piece of material, such as   15  shown in Figure 4. However, as discussed
pre- titanium or zirconium. However, the template 15    viously, it should
be understood that several such may be constructed in any one of a variety
of      semiconductor chip carriers 2 may be simulta- different ways (for
example, a multiple piece con-  neously mounted on the printed circuit
board 4 struction), and may be made of any of a variety of  using the
assembly fixture 30. different material(s). The template 15 includes an
20  As shown in Figures 3 and 4, the assembly outside rim 17, a recessed
area 19, an escape hole   fixture 30 comprises a base plate 32, a pressure
21, a locating collar 23, and a pair of locating holes  insert 34, and a
top plate 36. As best shown in 25. The template 15 is sized and shaped to
match   Figure 3, the base plate 32 has several pairs of the size and shape
of the flexible film 6 on which  locating pins 40, four clamping studs 42,
and two the spacers 10 are to be attached. There is a   25  board locating
pins 44, all extending out in the pattern of holes 27 in the recessed area
19 of the  same direction from one surface of the base plate template 15
matching the pattern of the outer lead  32. For most situations, it is best
to make the base bonding pads 11 on the flexible film 6 of the      plate
32 of a material having a coefficient of ther- flexible film semiconductor
chip carrier 2 on which  mal expansion which matches the coefficient of it
is desired to attach the spacers 10. Also, the   30  thermal expansion of
the circuit board 4 which is to locating collar 23 is designed to locate
the semi-  be clamped in the assembly fixture 30 with the conductor chip 8
relative to the inner lead bonding  flexible film semiconductor chip
carrier 2. However, pads 16 of the flexible film 6 to facilitate mounting
if the frame 3 for the flexible film 6 of the semicon- the semiconductor
chip 8 on the inner lead bond-   ductor chip carrier 2 is significantly
massive (thick), ing pads 16 of the flexible film 6 using the C-4's 9   35
and has a thermal coefficient of expansion which is shown in Figure 1.
Alternatively, the locating collar  significantly different from the
thermal coefficient of 23 may simply provide a clearance hole for the
expansion of the circuit board 4, then it may be semiconductor chip 8 which
may be mounted on       desirable to make the base plate 32 of a material
the flexible film 6 by another method prior to at-  having a coefficient of
thermal expansion which taching the spacers 10 to the outer lead bonding
40   matches, to the extent possible, the coefficients of pads 11 of the
flexible film 6 using the template 15.  thermal expansion of the circuit
board 4, and of the Referring to Figure 3, an exploded, perspective  frame
3. For example, if the printed circuit board 4 view is shown of an assembly
fixture 30 for mount-  is made primarily of glass cloth impregnated with
ing a three by three matrix of flexible film semicon-  epoxy resin, and the
frame 3 is made of relatively ductor chip carriers 2 on a printed circuit
board 4,  45  thin aluminum, or of relatively thin aluminum on a or other
such second level electronic package,     titanium base, then the base
plate 32 may be made having a matching three by three pattern of bond-  of
titanium. ing sites 5. For ease of illustration, only one of the  Also, as
shown in Figure 3, preferably, stiffen- flexible film semiconductor chip
carriers 2 is shown  ing ribs 51 are attached to the underside of the in
Figure 3. However, it should be understood that,  50  base plate 32 to
ensure that the base plate 32 is if desired, a flexible film semiconductor
chip carrier  substantially flat and that there is contact between 2 may be
positioned in each of the nine locations  the spacers 10 attached to the
outer lead bonding of the assembly fixture 30, for mounting at each of
pads 11 on the flexible film 6 of semiconductor the nine matching bonding
sites 5 on the printed   chip carrier 2, and the mounting pads 12 on the
circuit board 4 shown in Figure 3. Also, it should be   55  printed circuit
board 4, during the process of noted that although the assembly fixture 30
shown  mounting the flexible film semiconductor chip car- in Figure 3 is
designed for mounting a three by    rier 2 on the circuit board 4. The
stiffening ribs 51 three matrix of flexible film semiconductor chip   may
be an integral part of the base plate 32, or the 8    
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welded to the underside of the      ded to the mounting pads 12 using the
assembly base plate 32, or attached to the base plate 32 in  fixture 30,
the presence of the resilient member 37 any other such suitable manner.
Further, as shown  allows the flexible film 6 with the spacers 10 to in
Figure 3, to facilitate heat transfer, there are  move (flex) up and down
to ensure contact be- openings 50 in the base plate 32 at each location   5
tween each and every one of the spacers 10 and where it is desired to
position a flexible film semi-  its corresponding mounting pad 12 even if
there conductor chip carrier 2 for mounting on the print-  are
irregularities such as differences in size be- ed circuit board 4.
tween individual spacers 10. In effect, the resilient As shown in Figures 3
and 4, the pressure       member 37 compensates for dimensional tolerance
insert 34 comprises a "butterfly" shaped base por-  10  deviations in the
"z-direction" (vertical axis as tion 38 with a resilient member 37
supported on    shown in Figures 3 and 4) of the assembly fixture top of
the base portion 38. Also, there are two    30 thereby ensuring contact
between all the spac- locating (clearance) holes 13 in the base portion 38
ers 10 and their corresponding mounting pads 12 of the pressure insert 34,
which are sized and     on the circuit board 4, while preventing crushing,
or positioned to fit over one of the pairs of locating   15  otherwise
adversely affecting, the spacers 10 when pins 40 extending out from the
base plate 32. In   using the assembly fixture 30. addition, the pressure
insert 34 has an opening 60     Also, as shown in Figure 3, preferably,
like the sized and positioned to be located beneath the     base plate 32,
the top plate 36 has stiffening ribs area of the flexible film 6 on which
the semicon-  71 attached thereto to ensure that the top plate 36 ductor
chip 8 is mounted, when the flexible film   20  is substantially flat and
that there is contact be- semiconductor chip carrier 2 is placed on top of
tween the spacers 10 attached to the outer lead the pressure insert 34 in
the assembly fixture 30.  bonding pads 11 on the flexible film 6 of
semicon- The opening 60 allows the resilient member 37 of   ductor chip
carrier 2, and the mounting pads 12 on the pressure insert 34 to be in
contact with the   the printed circuit board 4, during the process of outer
lead bonding area of the flexible film 6 with-  25  using the assembly
fixture 30 to mount the carrier out any contact being made between the
pressure    2 on the board 4. Just as for the stiffening ribs 51 insert 34
and the area of the flexible film 6 on   which are attached to the
underside of the base which the semiconductor chip 8 is mounted. This
plate 32, the stiffening ribs 71 on the topside of the prevents the
pressure insert 34 from adversely     top plate 36 may be an integral part
of the top affecting in any way the C-4's 9 between the semi-  30  plate
36, or the ribs 71 may be welded to the the conductor chip 8 and the inner
lead bonding pads   top plate 32, or attached to the top plate 36 in any 16
on the flexible film 6 when the assembly fixture  other such suitable
manner. Further, as shown in 30 is used in bonding the spacers 10 to the
mount-  Figure 3, like the base plate 32, to facilitate heat ing pads 12 on
the circuit board 4.                transfer, there are openings 70 in the
top plate 36 The base portion 38 of the pressure insert 34   35  at each
location where is is desired to position a may comprise virtually any rigid
material which can  flexible film  semiconductor chip carrier 2 for support
the resilient member 37, and which can     mounting on the printed circuit
board 4. withstand the processing temperatures to which the     Also, as
shown in Figure 3, the top plate 36 assembly fixture 30 will be subjected.
Also, it    has four clearance holes 72 located and sized so should be
noted that it has been found that it is not  40  that the four clamping
studs 42 on the base plate necessary for the pressure insert 34 to be made
of  32 can pass up through the clearance holes 72 material(s) having a
thermal coefficient of expan-  when the top plate 36 and the base plate 32
are sion matching either the circuit board 4 or the    brought together to
mount the semiconductor chip flexible film semiconductor chip carrier 2.
However,  carrier 2 on the printed circuit board 4, as de- in most
situations, it will probably be best for the   45  scribed hereinafter. As
shown in Figure 3, a nut 73 base portion 38 to be made of the same material
and a washer 74, or, if desired, other such means, as the base plate 32.
may be used with each clamping stud 42 to aid in Preferably, the resilient
member 37 of the pres-  holding the top plate 36 and the bottom plate 32
sure insert 34 comprises a material such as sili-  together during the
mounting process. cone rubber which rests on top of the base portion   50
In operation, when using solder, or solder coat- 38 of the pressure insert
34. As indicated pre-    ed copper balls, as the spacers 10, solder flux,
viously, the resilient member 37 is sized and posi-  such as a rosin mildly
activated flux (RMA flux), tioned so that when the semiconductor chip
carrier  first is applied to the outer lead bonding pads 11 2 is placed on
the pressure insert 34 in the assem-  on the flexible film 6 of the
semiconductor chip bly fixture 30, the resilient member 37 will contact  55
carrier 2. Then, the template 15 is placed over the the flexible film 6
beneath all of the outer lead  carrier 2 on two locating pins (not shown)
with the bonding areas of the flexible film 6 as best illus-  locating
holes 25 in the template 15 aligned with trated in Figure 4. When the
spacers 10 are bon-   the locating holes 14 in the frame 3 holding the 9
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and with the holes 27 in the re-  chip carrier 2 is positioned on each of
the pressure cessed area 19 of the template 15 aligned with the  inserts 34
by passing the locating pins 40 on the outer lead bonding pads 11 on the
flexible film 6.  base plate 32 up through the locating holes 14 in Then,
the solder ball spacers 10 are poured into   the frame 3 of the flexible
film semiconductor chip the recessed area 19 of the template 15, and   5
carrier 2, with the surface of the carrier 2 carrying pushed into the holes
25, for example, by using a    the semiconductor chip 8 facing up, away
from the brush (not shown). Excess solder ball spacers 10   pressure insert
34. Then, the printed circuit board 4 are pushed into the escape hole 21 at
the edge of  is placed on top of the flexible film semiconductor the
template 15 and are removed from the tem-      chip carriers 2, with the
two board locating pins 44 plate 15. Also, either before, during, or after
posi-  10  on the base plate 32 passing up through cor- tioning the solder
ball spacers 10 in the holes 25,  responding locating holes 31 in the
printed circuit the semiconductor chip 8 is placed in the locating  board 4
to position each of the bonding sites 5 on collar 23 of the template 15.
Then, this entire    the circuit board 4 over its corresponding flexible
assembly is heated, for example, in a conventional  film semiconductor chip
carrier 2. After the printed solder reflow oven, to reflow the solder ball
spacers  15  circuit board 4 is placed in position, the top plate 10 on the
outer lead bonding pads 11 of the        36 is placed on top of the printed
circuit board 4, flexible film 6, and the C-4's 9 on the semiconduc-  with
the clamping studs 42 of the base plate 32 tor chip 8, thereby bonding the
spacers 10 to the  passing up through the corresponding clearance outer
lead bonding pads 11, and bonding the C-4's  holes 72 in the top plate 36.
Next, a washer 74 and 9 on the semiconductor chip 8 to the inner lead   20
a nut 73 are placed on each of the clamping studs bonding pads 16 (C-4
pads) of the circuitry on the   42, and the nuts 73 are tightened finger
tight so flexible film 6 of the semiconductor chip carrier 2.  that the
spacers 10, and the interposers 7 on the After the foregoing reflow
operation, the semi-  tops of the semiconductor chips 8, are brought into
conductor chip carrier 2 and the template 15 are   contact with the
corresponding mounting pads 12, cooled, for example, by removing this
structure  25  and the surface of the circuit board 4, respectively, from
the reflow oven and allowing the structure to  in preparation for mounting
the carriers 2 on the cool to room temperature. Then, the template 15 is
circuit board 4, as desired. removed from the semiconductor chip carrier 2
After the assembly fixture 30 has been assem- leaving the solder ball
spacers 10 bonded on the   bled with the flexible film semiconductor chip
car- outer lead bonding pads 11 of the flexible film 6,  30  riers 2 and
the printed circuit board 4 in position as and leaving the semiconductor
chip 8 bonded to     described above, this entire structure is heated to
the inner lead bonding pads 16 (C-4 pads) of the   melt solder which has
been previously placed flexible film 6. After removing the template 15, the
(prior to the board 4 being placed in the assembly interposer 7 is attached
to the top of the semicon-  fixture 30) on the mounting pads 12 of the
circuitry ductor chip 8 using thermally conductive epoxy as   35  on the
printed circuit board 4, and on the locations discussed previously.
on the printed circuit board 4 where the interposers After removing the
template 15 and attaching    7 are to be bonded. At the same time, the
solder the interposer 7, the semiconductor chip carrier 2  on the spacers
10 on the flexible film semiconduc- with the solder ball spacers 10, and
the semicon-  tor chip carriers 2 is melted thereby bonding the ductor chip
8, bonded thereto, is ready for mount-  40  spacers 10 to their
corresponding mounting pads ing on the printed circuit board 4, or other
such  12 on the printed circuit board 4, and the interpos- second level
electronic package using the assem-   ers 7 to the surface of the printed
circuit board, as bly fixture 30 shown in Figures 3 and 4.
desired. This heating may be done in any one of a The process for mounting
the flexible film      number of ways, for example, the assembly fixture
semiconductor chip carrier 2 with the spacers 10   45  30 with the flexible
film semiconductor chip carriers and the semiconductor chip 8, on the
printed cir-  2 and the printed circuit board 4 clamped therein, cuit board
4, using the assembly fixture 30 shown  may be heated using a conventional
vapor phase in Figures 3 and 4 is as follows. First, the base  solder
reflow machine. After the spacers 10 have plate 32 is placed on a flat
surface, with the locat-  been bonded to the the mounting pads 12 of the
ing pins 40 and 44, and the clamping studs 42, on   50  circuitry on the
circuit board 4, and the interposers the base plate 32 pointing up, away
from the flat  7 have been bonded to the surface of the circuit surface.
Then, a pressure insert 34, with a resilient  board 4, the assembly fixture
30 with the chip member 37 resting on top of the pressure insert    carrier
2 and circuit board 4, are cooled, and the 34, is placed over each pair of
locating pins 40 on  assembly fixture 30 is disassembled to remove the the
base plate 32 where it is desired to mount a   55  printed circuit board 4
with the flexible film semi- flexible film semiconductor chip carrier 2.
After the  conductor chip carriers 2 mounted thereon. Then, pressure
inserts 34 and resilient members 37 are   the frames 3 for the flexible
film semiconductor placed in position, a flexible film semiconductor  chip
carriers 2 may be cut away, or otherwise 10    
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unless some further use is to be     to the outer lead bonding pads on the
chip made of the frames 3 after the carriers 2 have         carrying
surface of said circuitized, flexible been mounted on the circuit board 4,
as discussed      film, said spacers having a height equal to the
previously.                                            height of the chip
when backbonded to the Several advantages of the foregoing method   5
substrate and being sized and configured to and apparatus for mounting
flexible film semicon-       physically support the circuitized, flexible
film ductor chip carriers 2 on a printed circuit board 4,   substantially
in a plane above the surface of and of the resulting electronic packaging
structure,  the circuitized substrate when the circuitized, according to
the present invention, should be          flexible film is mounted on the
circuitized sub- noted. First, this method and apparatus allows flexi-  10
strate; ble film semiconductor chip carriers 2 to be moun-     placing a
pressure insert (34), including a resil- ted on the printed circuit board 4
in a planar         ient member (37), on a base plate (32); geometry,
rather than in a non-planar ("tent") ge-     positioning said circuitized,
flexible film carry- ometry. As discussed previously, the planar geom-
ing said spacers and said at least one chip on etry is preferred over a
tent geometry for a number  15  the base plate with the resilient member
lo- of reasons, such as allowing for easier cleaning       cated beneath
the outer lead bonding area of under the carriers 2 once they are mounted
on the      the flexible, circuitized film; board 4, making it easier to
align the outer lead      positioning said circuitized substrate on top of
bonding pads 11 of the circuitry on the flexible film  the spacers and on
said at least one chip, such 6 of the semiconductor chip carriers 2 with
the   20   that each of the mounting pads on the sub- mounting pads 12 of
the circuitry on the printed        strate is aligned with its
corresponding outer circuit board 4, eliminating undesirable stresses
lead bonding pad on the flexible film and in associated with the tent
geometry, and eliminating     contact with a corresponding one of the spac-
electrical shorting between the carriers 2 and the     ers, and that the
back of the chip is in contact edges of the semiconductor chips 8. Also,
the   25     with the surface of the substrate; method and apparatus
according to present inven-       placing a top plate (36) on top of the
substrate tion are easy and simple to use, and are suitable      and fixing
said base plate to said top plate to for use in a manufacturing
environment. In addition,   provide a tight assembly fixture (30); and an
especially unique feature of the electronic pack-   bonding the spacers to
the respective bonding aging structure described above is the closeness of
30  pads of the substrate and the at least one chip the circuitized,
flexible film 6 wiring plane of each  to the surface of the substrate.
semiconductor chip carrier 2, to the printed circuit board 4 which includes
the ground return for the   2. A method for outer lead bonding as recited
in wires (circuit lines) on the flexible film 6. That is,  claim 1, wherein
before mounting said at least the height of the wiring plane of the
circuitized,  35  one chip on said film, a frame (3) is attached flexible
film 6 above the printed circuit board 4 is   to the edges of the flexible
film to form a quite small compared to almost all other semicon-
flexible film semiconductor chip carrier (2); and ductor chip mounting
schemes except DCA (direct        said circuitized substrate is positioned
on top chip attach). The significance of this is that elec-   of said
carrier. tronic package inductance is reduced as the "loop"   40 area
between a wire (circuit line) and its ground  3.  A method for outer lead
bonding as recited in return is reduced. This reduced inductance im-
claim 1 or 2, proves high frequency characteristics of the circuit
wherein the step of attaching the electrically lines, and increases the
number of simultaneous        conductive, supporting spacers to the outer
switched circuit lines which can be used, for exam-   45  lead bonding pads
on the circuitized, flexible pie, in a digital computer application.
film, comprises: placing a template (15) over the circuitized, Claims
flexible film, said template having a pattern of openings (27) matching the
pattern of the outer 1. A method for outer lead bonding a circuitized,  50
lead bonding pads on the circuitized, flexible flexible film (6) onto a
circuitized substrate (4)  film; having mounting pads (12) thereon in a
pattern     placing the spacers in the openings of the matching a
corresponding pattern of outer lead     template; bonding pads (11) on the
circuitized, flexible     bonding the spacers to the outer lead bonding
film, which comprises the steps of:        55      pads on the circuitized,
flexible film; and mounting at least one semiconductor chip (8)
removing the template from the circuitized, face down on one surface of
said film;             flexible film. attaching electrically conductive
spacers (10)    19                 EP 0 281 899 B1                    20 



suitably removed, unless some further use is to be      to the outer lead
bonding pads on the chip made of the frames 3 after the carriers 2 have
carrying surface of said circuitized, flexible been mounted on the circuit
board 4, as discussed       film, said spacers having a height equal to the
previously.                                             height of the chip
when backbonded to the Several advantages of the foregoing method   5
substrate and being sized and configured to and apparatus for mounting
flexible film semicon-       physically support the circuitized, flexible
film ductor chip carriers 2 on a printed circuit board 4,    substantially
in a plane above the surface of and of the resulting electronic packaging
structure,    the circuitized substrate when the circuitized, according to
the present invention, should be           flexible film is mounted on the
circuitized sub- noted. First, this method and apparatus allows flexi-  10
strate; ble film semiconductor chip carriers 2 to be moun-      placing a
pressure insert (34), including a resil- ted on the printed circuit board 4
in a planar          ient member (37), on a base plate (32); geometry,
rather than in a non-planar ("tent") ge-      positioning said circuitized,
flexible film carry- ometry. As discussed previously, the planar geom-
ing said spacers and said at least one chip on etry is preferred over a
tent geometry for a number  15  the base plate with the resilient member
lo- of reasons, such as allowing for easier cleaning        cated beneath
the outer lead bonding area of under the carriers 2 once they are mounted
on the       the flexible, circuitized film; board 4, making it easier to
align the outer lead       positioning said circuitized substrate on top of
bonding pads 11 of the circuitry on the flexible film   the spacers and on
said at least one chip, such 6 of the semiconductor chip carriers 2 with
the   20    that each of the mounting pads on the sub- mounting pads 12 of
the circuitry on the printed        strate is aligned with its
corresponding outer circuit board 4, eliminating undesirable stresses
lead bonding pad on the flexible film and in associated with the tent
geometry, and eliminating      contact with a corresponding one of the
spac- electrical shorting between the carriers 2 and the      ers, and that
the back of the chip is in contact edges of the semiconductor chips 8.
Also, the   25      with the surface of the substrate; method and apparatus
according to present inven-        placing a top plate (36) on top of the
substrate tion are easy and simple to use, and are suitable       and
fixing said base plate to said top plate to for use in a manufacturing
environment. In addition,    provide a tight assembly fixture (30); and an
especially unique feature of the electronic pack-    bonding the spacers to
the respective bonding aging structure described above is the closeness of
30  pads of the substrate and the at least one chip the circuitized,
flexible film 6 wiring plane of each   to the surface of the substrate.
semiconductor chip carrier 2, to the printed circuit board 4 which includes
the ground return for the    2. A method for outer lead bonding as recited
in wires (circuit lines) on the flexible film 6. That is,  claim 1, wherein
before mounting said at least the height of the wiring plane of the
circuitized,  35  one chip on said film, a frame (3) is attached flexible
film 6 above the printed circuit board 4 is    to the edges of the flexible
film to form a quite small compared to almost all other semicon-
flexible film semiconductor chip carrier (2); and ductor chip mounting
schemes except DCA (direct         said circuitized substrate is positioned
on top chip attach). The significance of this is that elec-    of said
carrier. tronic package inductance is reduced as the "loop"   40 area
between a wire (circuit line) and its ground   3.  A method for outer lead
bonding as recited in return is reduced. This reduced inductance im-
claim 1 or 2, proves high frequency characteristics of the circuit
wherein the step of attaching the electrically lines, and increases the
number of simultaneous         conductive, supporting spacers to the outer
switched circuit lines which can be used, for exam-   45  lead bonding pads
on the circuitized, flexible ple, in a digital computer application.
film, comprises: placing a template (15) over the circuitized, Claims
flexible film, said template having a pattern of openings (27) matching the
pattern of the outer 1. A method for outer lead bonding a circuitized,  so
lead bonding pads on the circuitized, flexible flexible film (6) onto a
circuitized substrate (4)  film; having mounting pads (12) thereon in a
pattern      placing the spacers in the openings of the matching a
corresponding pattern of outer lead      template; bonding pads (11) on the
circuitized, flexible      bonding the spacers to the outer lead bonding
film, which comprises the steps of:         55      pads on the
circuitized, flexible film; and mounting at least one semiconductor chip
(8)        removing the template from the circuitized, face down on one
surface of said film;              flexible film. attaching electrically
conductive spacers (10)    21                 EP 0 281 899 B1
22 4. A method for outer lead bonding as recited in        wherein said
base plate and said top plate 



claim 1 or 2,                                        include at least one
stiffening rib (51, 71). wherein the spacers are metal balls, and the step
of attaching the metal balls to the outer   8. An apparatus as recited in
any one of the lead bonding pads on the circuitized, flexible   5
preceding claims 5 to 7, film comprises:
wherein said base plate includes an opening applying an adhesive to the
outer lead bonding      (50) at each location on the base plate where a
pads of the circuitized, flexible film;              circuitized, flexible
film is to be mounted on placing a template over the circuitized, flexible
the circuitized substrate, with each opening in film, said template having
a pattern of open-   io   the base plate sized and configured to facilitate
ings matching the pattern of bonding pads on         heat transfer away
from the circuitized, flexible the circuitized, flexible film;
film when the circuitized, flexible film is in the placing the metal balls
in the openings of the      fixture. template; heating the metal balls to
their melting tem-   15  9. An apparatus as recited in any one of the
perature;                                            preceding claims 5 to
8, cooling the metal balls to bond them to the          wherein the
resilient member of said pressure bonding pads on the circuitized, flexible
film;      insert comprises silicone rubber. and removing the template from
the circuitized,  20  10. An apparatus as recited in any one of the
flexible film.                                         claims 5 to 9,
wherein said top plate includes an opening 5. An apparatus for outer lead
bonding at least         (70) at each location on the top plate where a one
circuitized, flexible film onto a correspond-    circuitized, flexible film
is to be mounted on ing bonding site on a circuitized substrate, said   25
the circuitized substrate, with each opening film carries at least one
semiconductor chip (8)     sized and configured to facilitate heat transfer
which is placed between said film and said           away from the
circuitized substrate when the substrate (4) with electrically conductive
spac-     circuitized, flexible film and the circuitized sub- ers (10) at
the outer lead bonding sites sup-        strate are in the fixture. porting
said film in a plane above the surface   30 of said substrate,
Revendlcatlons comprising: a base plate (32) sized and configured to hold
1. Proodd6 pour fixer un film souple (16) pourvu the circuitized, flexible
film in position relative  de circuits par des liaisons extdrieures sur un
to its corresponding bonding site on the cir-  sa    substrat (4) pourvu de
circuits et portant des cuitized substrate;
plots de montage (12) suivant un motif corres- a pressure insert (34),
including a resilient        pondant a un motif de plots de sortie ext6-
member (37), which is sized and configured to       rieurs (11) sur le film
souple, comprenant les be positioned on the base plate beneath the
4tapes consistant A: circuitized, flexible film with the resilient mem-
40  monter au moins une puce semi-conductrice ber located beneath the outer
lead bonding          (8) avec sa face frontale dirigde vers le bas sur
area of the circuitized, flexible film;              une face du film; a
top plate (36) sized and configured to match       attacher des entretoises
(10) 4lectriquement the base plate and to form a fixture with the
conductrices aux plots de sortie exterieurs si- base plate and the pressure
insert; and     45      tues sur la face du film souple portant la puce,
clamping means for clamping together the cir-       les entretoises ayant
une hauteur dgale a la cuitized, flexible film and the circuitized sub-
hauteur de la puce lorsqu'elle est relide par strate between the base plate
and the top plate     son dos au substrat et les entretoises 6tant with the
pressure insert located beneath the         dimensionndes et configurdes
pour supporter circuitized, flexible film.                 50
physiquement le film souple pourvu de circuits essentiellement dans une
plan au-dessus de la 6. An apparatus as recited in claim 5,
surface du substrat pourvu de circuits lorsque wherein said base plate
comprises a material         le film souple est mont6 sur le substrat;
having a coefficient of thermal expansion which      placer un insert de
pression (34) comportant matches the coefficient of thermal expansion of
5s  une pibce 6lastique (37) sur une plaque de the circuitized substrate.
base (32); positionner le film souple portant les entretoi- 7. An apparatus
as recited in claim 5 or 6,             ses et la puce, ou plusieurs puces,
sur la 12    23                 EP 0 281 899 B1                     24   1
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tique soit situee sous la zone de liaison extd-      ouvertures du gabarit;
rieure du film souple pourvu de circuits;           le chauffage des
globules de metal jusqu'A positionner le substrat pourvu de circuits par-
leur point de fusion; dessus les entretoises et sur la puce, ou les   5
le refroidissement des globules de mdtal pour -K.)    puces, de manibre quo
chacun des plots de            produire lour attache aux plots de liaison
sur le montage sur le substrat soit aligne avoc le plot     film souple; et
de sortie exterieur correspondant sur le film       l'enlevement du gabarit
du film souple. souple et en contact avoc une ontretoise cor- respondante,
et de manibre quo le dos de la  io  5. Appareil pour fixer par des liaisons
extdrieures puce soit en contact avec la surface du subs-        au moins
un film souple pourvu de circuits sur trat;
une aire de fixation correspondante d'un subs- placer une plaque superieure
(36) par-dessus        trat pourvu de circuits, le film portant au moins le
substrat at fixer la plaque de base & la          une puce semi-conductrice
(8) placee entre le plaque superieure pour former une monture   15
film et le substrat (4) et des entretoises (10) d'assemblage (30) a
serrage; et                      electriquement conductrices etant plac6os
aux roller les entretoises aux plots de montage          points de liaison
ext6rieurs pour supporter le respectifs du substrat at relier la puce ou
les     film dans un plan au-dessus de la surface du puces a la surface du
substrat.                     substrat, appareil qui comprend: 20      une
plaque de base (32) dimensionnee et _  2. Procdde de fixation par les
sorties exterieures       configuree pour maintenir le film souple en selon
la revendication, dans lequel, avant le        place par rapport a son aire
de fixation corres- montage de la puce ou des puces sur le film,
pondante sur le substrat; un cadre (3) est attache aux bords du film
une insert de pression (34), comportant une souple pour former un support
de puce semi-  25      piece elastique (37), qui est dimensionne at
conductrice a film souple (2); et                    configure pour etre
place sur la plaque de le substrat pourvu de circuits est place par-
base sous le film souple, de manibre quo la dessus ce support.
pikce elastique soit situeo sous la zone de liaison exterieure du film
souple; &  Procede de fixation par les sorties extdrieures   so  une plaque
superieure (36) dimensionnee et selon la revendication 1 ou 2, dans lequel
configuree pour correspondre a la plaque de l'tape d'attache des
entrotoises electrique-         base at pour constituer une monture avec la
ment conductrices de support aux plots de            plaque de base et
l'insert de pression; et sortie exterieurs sur le film souple pourvu de
un moyen de serrage pour serror le film sou- circuits, comprend:
35       ple et le substrat ensemble entre la plaque de la disposition d'un
gabarit (15) par-dessus le       base et la plaque superieure, avec
l'insert de film souple pourvu de circuits, gabarit qui pri-     pression
disposd sous le film souple. sente un motif d'ouvertures (27) correspondant
au motif de plots de sortie extdrieurs sur le    6. Appareil selon la
revendication 5, film souple;                                40       dans
lequel la plaque de base est faite d'un la disposition des entrotoises dans
les ouvertu-     materiau dont le coefficient de dilatation ther- res du
gabarit;                                      mique correspond au
coefficient de dilatation la liaison des entretoises aux plots de sortie
thermique du substrat pourvu de circuits. exterieurs du film souple; et
l'enlbvement du gabarit du film souple.     45  7. Appareil selon la
revendication 5 ou 6, dans lequol la plaque de base et la plaque 4. Proc6de
de fixation par les sorties exterioures      superieure comportent au moins
une nervure solon la revendication 1 ou 2,                       de
raidissement (51, 71). dans lequel les entretoises sont des globules de
m~tal et l'etape d'attache des globules de   50   &  Appareil selon l'une
quelconque des revendi- metal aux plots de sortie exteriours du film
cations 5 a 7 precedentes, souple pourvu de circuits comprend:
dans loquel la plaque de base possbde une l'application d'un adhesif aux
plots de sortie       ouverture (50) & chaque emplacement de la extdrieurs
du film souple;                           plaque de base oO un film souple
pourvu de la disposition d'un gabarit par-dessus le film   55  circuits
dolt etre monte sur le substrat pourvu souple, gabarit qui pr6sente un
motif d'ouver-       de circuits, chaque ouverture de la plaque de tures
correspondant au motif de plots de liai-       base dtant dimensionn6e et
configureo pour son sur le film souple;
faciliter la dissipation de chaleur du film souple 13    25
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le film so trouve dans la monture.         dem zumindest einen Chip, so daB
jeder der 



Kontaktflecken zum Montieren auf dem Sub- 9. Appareil selon l'une
quelconque des revendi-        strat mit dem entsprechenden Kontaktfleck
fUr cacions 5 a 8 prdcddentes,                         das Verbinden der
auleren ZufUhrungsdrihte dans loquel la piece elastique de l'insert de   5
auf dem biegsamen Film ausgerichtet ist und t'  pression est en caoutchouc
silicone.                 in Kontakt mit einem entsprechenden der Dist-
anzstlocke steht und daB die R~ckseite des 10. Appareil selon l'une
quelconque des revendi-       Chips mit der Oberflache des Substrates in
cations 5 a 9,                                     Kontakt steht, dans
lequel la plaque superieure comporte une   10  Plazieren einer Deckplatte
(36) auf dem Sub- ouverture (70) & chaque emplacement de la          strat
und Montieren der Grundplatte an der plaque superieure ot un film souple
pourvu de      Deckplatte, um elne feste Haltevorrichtung fUr circuits doit
Otre monte sur le substrat pourvu    die Baugruppe (30) vorzusehen und de
circuits, chaque ouverture 6tant dimension-     Verbinden der Distanzst~cke
mit den entspre- noe et configuree pour faciliter la dissipation   is
chenden Kontaktflecken des Substrates zum de chaleur du substrat lorsque le
film souple at   Verbinden und dom zumindest einen Chip mit le substrat so
trouvent a l'intdrieur de la mon-   der Oberflache des Substrates. ture. 2.
Verfahren zum Verbinden der auoeren ZufUh- PatentansprUche
20      rungsdrahte nach Anspruch 1, bei dem vor dom  Montieren des
zumindest 1. Verfahren zum Verbinden der Muleren Zufth-          einen
Chips auf dem Film ein Rahmen (3) mit rungsdrahte elnes biegsamen
Schaltungsfilmes       den Randem des biegsamen Filmes befestigt (6) mit
einem Schaltungssubstrat (4), das Kon-     wird, um einen biegsamen
Filmtrager (2) fUr taktflecken (12) zum Montieren in einem Mu-  25    einen
Halbleiterchip zu bilden, und das Schal- ster aufweist, das einem
entsprechenden Mu-        tungssubstrat auf dem Trager in die richtige ster
von Kontaktflecken (11) zum Verbinden         Lage gebracht wird. mit den
auWeren Zufahrungsdrnhten auf dem biegsamen Schaltungsfilm entspricht, das
die    3. Verfahren zum Verbinden der auBeren ZufUh- Schritte umfalt:
30      rungsdrAhte nach Anspruch 1 oder 2, bei dem Montieren von zumindest
einem Halbleiterchip       der Schritt des Montierens der elektrisch lei-
(8) mit der oberen Flache nach unten auf einer     tendon, tragenden
DistanzstUcke an den Kon- Fliche des Films,
taktflecken zum Verbinden der auleren Zuflbh- Anbringen von elektrisch
leitenden Distanz-        rungsdrahte mit dem biegsamen Schaltungs- stOcken
(10) auf den Kontaktflecken fUr das   35   film besteht aus: Verbinden mit
den Ru~leren ZufUhrungsdrahten       dem Plazieren einer Schablone (15)
Uber dem auf der das Chip tragenden Flache des biegsa-      biegsamen
Schaltungsfilm, wobel die Schablo- men Schaltungsfilmes, wobei die
Distanzstak-       ne ein Muster von Offnungen (27) aufweist, ke eine HWhe
aufwoisen, die gloich der Hdhe        das dem Muster der Kontaktflecken zum
Ver- y-'  des Chips ist, wenn or mit seiner R1ckseite mit  40  binden der
auieren ZufUhrungsdrahte auf dem dem Substrat verbunden ist, und die so be-
biegsamen Schaltungsfilm entspricht, messen und angeordnet sind, daB sie
den            dem Plazieren der Distanzstlcke in den Off- biegsamen
Schaltungsfilm im wesentlichen in        nungen der Schablone, einer Ebene
oberhalb der Oberflache des            dam  Verbinden der DistanzstOcke mit
den Schaltungssubstrates tragen, wenn der flexible  45  Kontaktflecken zum
Verbinden der auBeren Schaltungsfilm  auf dem  Schaltungssubstrat
ZufUhrungsdrahte auf dem biegsamen Schal- montiert ist,
tungsfilm, und Plazieren eines DruckeinsatzstUckes (34), das      dom
Entfernen der Schablone von dem bieg- ein Federglied  (37) einschlieot, auf
einer        samen Schaltungsfilm. Grundplatte (32),
50 In-die-richtige-Lage-bringen des die Distanz-   4. Verfahren zum
Verbinden der auleren ZufUh- stUcke und zumindest einen Chip tragenden
rungsdrahte nach Anspruch 1 oder 2, bei dom biegsamen Films auf der
Grundplatte, wobei         die AbstandsstUcke Metallkugeln sind und der das
Federglied unter der Flache flr das Ver-       Schritt des Montierens der
MetalIkugeln an binden der auoeren Zuf0hrungsdrahte des  as        den
Kontaktflecken zum Verbinden der auDe- biegsamen Schaltungsfilmes
angeordnet ist,         ron ZufUhrungsdrahte auf dem  biegsamen
In-dio-richtige-Lage-bringen  des Schaltungs-      Schaltungsfilm besteht
aus dem: substrates Uber den DistanzstUcken und Uber        Anwenden eines
Kiebers an die Kontaktflecken 14    27                EP 0 281 899 Bi
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zum Verbinden der auleren ZufUhrungsdrAhte     7. Gerat nach Anspruch 5
oder 6, bei dem die des blegsamen Schaltungsfilmes,
Grundplatte und die Deckplatte zumindest elne Plazieren einer Schablone
Ober dem biegsa-         Versteifungerippe (51, 71) einschlielen. men
Schaltungsfilm, wobei die Schablone ein Muster von (5ffnungen aufweist, die
dem Mu-   5   a  Gerat nach einem  der vorhergehenden An- <'~~?'   ster von
Kontaktflecken zum Verbinden auf        sprlche 5 - 7, bei dem die
Grundplatte eine dem biegsamen Schaltungsfilm entspricht,           Offnung
(50) an jeder Stelle der Grundplatte Plazieren der Metalikugein in den
6ffnungen        einschlieBt, wo ein biegsamer Schaltungsfilm der
Schablone,                                     auf dem Schaltungssubstrat
zu montieren ist, Erwarmen der Metalikugeln auf ihre Schmelz-  10    wobei
jede Offnung in der Grundplatte so be- temperatur,
messen und angeordnet ist, dali sie die War- AbkUhlen der Metalikugeln, urn
sie mit den         meabfuhr von dem biegsamen Schaltungsfilm
Kontalctflecken auf dem  biegsamen Schal-         erleichtert, wenn der
biegsame Schaltungsfilm tungsfilm zu verbinden, und
sich in der Haltevorrichtung befindet. Entfemen der Schablone von dem
biegsamen   15 Schaltungsfilm.                                9. Gerat nach
einem  der vorhergehenden An- sprOche 5 - 8, bei dem das Federglied des 5.
Gerdt zum Verbinden der aufleren ZufUhrungs-       Druckeinsatzes aus
Silikongummi besteht. drahte wenigstens eines biegsamen Schal- tungsfllms
mit einer entsprechenden Verbin-  20  10. Gerat nach einem der Ansprache 5
- 9, bei J dungsstelle auf einem Schaltungssubstrat, wo-    dem die
Deckplatte eine Offnung (70) an jeder bei der Film zumindest einen
Halbleiterchip        Stelle der Deckplatte einschliefit, an der ein (80)
trigt, der zwischen dem Film und dem          biegsamer Schaltungsfilm auf
dem Schaltungs- Substrat (4) plaziert ist, mit elektrisch leitenden
substrat zu montieren ist, wobei jede Offnung DistanzstOcken (10) an den
Stellen zum Ver-  25    S0 bemessen und angeordnet ist, daB sie die binden
der auleren ZufUhrungsdrahte, welche        Warmeabfuhr von dem
Schaltungssubstrat er- Distanzstljcke den Film in einer Ebene Ober
leichtert, wenn der biegsame Schaltungsfilm der Oberfifche des Substrates
halten,              und das Schaltungssubstrat sich in der Halte-
bestehend aus:                                     vorrichtung befinden.
einer Grundplatte (32), die so bemessen und   30 angeordnet ist, daB sie
den biegsamen Schal- tungsfilm in einer Position relativ zu seiner
entsprechenden Verbindungsstelle auf dem Schaltungssubstrat hilt, einem
DruckeinsatzstOck (34) mit einem Fe-  a5 derglied (37), das so bemessen und
angeord- net ist, daB es auf der Grundplatte unter dem biegsamen
Schaltungsfilm angeordnet wird, wobei das Federglied unter der Flache fOr
das J.-'    Verbinden der AuBeren Zufrhrungsdrghte des   40 biegsamen
Schaltungsfilms angeordnet ist, einer Deckplatte (36), die so bemessen und
angeordnet ist, daB sie der Grundplatte ent- spricht und mit der
Grundplatte und dem DruckeinsatzstOck einer Haltevorrichtung bil-  45 det,
und einer Einspannvorrichtung, um den biegsamen Schaltungsfilm und das
Schaltungssubstrat zwischen der Grundplatte und der Deckplatte
festzuklemmen, wobel der Druckeinsatz unter  5o dem biegsamen
Schaltungsfilm angeordnet ist. 6. Gerat nach Anspruch 5, bei dem die Grund-
platte ein Material enthalt, das einen W~rme- ausdehnungskoeffizienten
besitzt, der dem   55 Wgrmeausdehnungskoeffizienten des Schal-
tungssubstrates entspricht. 15    


