
[err] BALL CONTACT FOR-CHIP DEVICES This invention relates to contacts for
semiconductor devices and passive substrates,and more parocularly to
multiple balls used for an individual contact [err] Contacts for
semiconductor devices include bond pads deposited on the surface of the
semconductor chip, and gold wire bonds bonded to a bond pad on the device.
High  performance electronic hardware is characterized by high dock rate
and  high  power. To package this class of systems, flip-chip assembly is
the preferred assembly process. There are currently three major flip-chip
assembly processes, all involving forming some type of contact, protruding
above the bond pad of the active silicon chip (integrated circuit). A first
method employs a conventional wire bonding process. Instead of bonding to
the leadframe or substrate, the bond wire is cut a 5 to 20 mils above the
ball. This process usually take place after the chip is   singulated from
the wafer. A second method employs a molten solder squeezed through a mask
onto on a singulated chip or electroplating solder using photo-lithography
techniques onto a wafer. A third method employs an adhesive loaded with
conductive particles such as gold plated metal balls or solder balls. In
order to avoid shorting to adjacent conductive particles, these particles
are dispersed in a controlled amount such that only one ball might contact
the bond pad. [err]  



[err] 2 Single ball contacts, as described by the third method above, have
been used. However, with the use of a single ball contact, the contact area
between the ball contact and the flat contact surface of the device or
circuit board to which the device is connected is a very small area, and
oxides or other impurities between the ball contact and the flat contact
surface of the mounting circuit board may prevent proper  electrical
contact between the device and the circuit board. Because of the small size
of the ball, the current carrying capacity is greaty reduced. The invention
is to a contact arrangement, the apparatus for applying the contacts and
the method of applying the contacts to a semiconductor device or to a
passive substrate. The contact elements are elastomer balls that have an
electrical conductive coating on the ball. Any metallic coating may be
used- but gold is particulady useful   when making  contact to aluminumm
contacts on a semiconductor chip. A plurality of balls are arranged in an
array on a contact pad and bonded to the pad. Through the use of multiple
balls, a greater contact area for each contact on a device is present for
contacting the device to a circuit board or other mounting surface. The
metallic coated balls are placed in a stacking machine and vibrated to
arrnge the balls in a single row or stacked row of balls. The balls are
then picked up by a fixtue utilizing a vacuum to hold the balls arranged in
an array. The pick-up fixture may hold a single array of balls for 



a single contact or may pick up a plurality of arrays of balls for multiple
contacts. The pick-up fixture moves the contact array of balls to the
contact area on the semiconductor chip and places the contact ball array on
the bond pads, or land pads for passive devices.    [err] 3 The balls are
bonded by thermo-sonic or thermal compression bonding. During bonding a
pressure is applied to the balls causing them to flatten, presenting a
larger contact area  between the ball and the contact mounting area. The
completed device with (he ball-array at each contact may then be mounted on
a substrate and held in place with a heat sink or other device that holds
the device against the moulding substrate with a force sufficient to
partially compress the ball-contacts, presenting an enlarged area between
each ball contact in an array and the ,mounting sbubstate. The technical
advance represented    by the invention as well as the objects thereof will
become  apparent from the following description of a preferred  embodiment
of the invention when considered in conjunction with the accompanying
drawings, and the novel features set forth in the appended FIGURE la is a
top view of a semiconductor   device having ball-array contacts; FIGURE lb
is a cross-sectional view of the device of Figure 1 taken through sction
A-A; 



FIGURE lc is an enlarged portion of the sectional view of Figure 1b;
FIGURES 2a-2e i1lustate the process of attaching the ball-contacts to a
semiconductor cbip; FIGURE   8 illustrates aball stacking apparatus; FIGURE
4a illustrates a single ball aray pick-up fixture; FIGURE 4b  ustrates a
pick-up fixture for multiple ball arrays; and FIGURE 5 Ilustrates a mounted
device having ball array contacts. FIGURE 6 is a chip or passive substrate
having ball array contacts.    REPLACEMENT SHEET 24 MAY 1997 4 Figure 1a
illustrates the top surface of a semiconductor chip 10 having an array of
contacts 11 thereon. Each contact is made up of an array of ball contacts
12 bonded to the contact surface of the chip. Each contact has an array of
nine balls, but any number of balls, preferably an n x n array, may be
used, where n is a whole number greater than 1. Figure lb is a
cross-sectional view taken through section A-A of Figure Semiconductor chip
10 has an oxide or other insulating layer 15 thereon. Contact balls 2 are
bonded to he contact areas of chip 10 in openings 16 below layer 15. The
details of a ball-array contact is shown in the enlarged view presented by
figure lc. Figures 2a - 2e illustate process steps in attaching the ball
array to the contact area on the semicondutor device.  Figure 2a shows the 



semiconductor chip 10 having a layer of insulating material 21 on the
surface of the chip. An opening 11 is under the insulating layer 21
representing the chip contact area. In  figure  2b, a layer of  ndng
adhesive or surface cleaning chemical 23 is placed in opening 22. The
ball-array is placed in opening 22 and is held in place by adhesve 13
(Figure 2c) In Figure 2d, a bonding tool 18 is lowered on the ball array.
The balls of the ball array are elastomer balls that have an eledrical
conductive coating on the ball.Any metallic coating may be used, but gold
is particulay useful when making contact to al            contacts on a
semiconductor chip. The bonding tool provides a downward pressure on the
ball,them at 16 and 17. The balls are thermo-sonic or thermal compression
bonded to the chip interface at 16. As illustrated in Figure 2e, the
ball/chip interface at 16 is bonded and remains flat, providing a greater
contact area between the ball army contact and the chip contact area.
REPLACEMENT SHEET 5            [err] Figure 3 illustrates a ball stacking
machine used to provide the array of balls for the ball array contact
Machine 30 has  a reservior 29 in which balls 31 are placed. The balls are
fed through track 32 and arranged in a single row on track 33. A vibratory
system   (not illustrated) is attached to 30 agitate the balls so they will
move through track 32 to track 33. The balls on track 33 fall through
opening 34 and roll down incline 34a to 



arrange the bells in a single row as illustrated at 35. A shutter type door
38 drops the row of three balls to stack the bill in a  single row as shown
at 36. Figure  4a illustrates a pick-up tool for a single ball array. Tool
40 has a vacuum drawn through the interior through chnnel 4L. There is an
array of openings 42 in one wall of tool 40that is arranged and of a size
to hold a single ball array. The balls are held in place until the array is
placed over a contact area and the ball aray is pressed into the adhesive
on the semiconductor contact area. The vacuum is released and the
ball-array remains in place until bonding energies are applied onto the
balls through the pickup tool and until the ball are bonded  to the chip as
Illustrated in figures 2e. Figure 4b illustrates a pick-up assembly 45 that
can hold a plurality of ball-arrays. There are as many array openings 46 as
needed to span a row of contacts as illusted in figure 1a. After the
semiconductor chip has all the ball-array contacts in place, it may thn be
mounted, for example, in a [err] configuration, figure. 5. Semiconductor
chip 50 is placed, contact side down, on a mounting  substrate 52.
Substrate 62 may be a printed circuit board, a large    semiconductor
device or othe mounting surface such that each ball-array contact 51 comes
into contact with a contact area or connection area. A heat sink or other
clamping device 53 is placed over semiconductor chip 50, provides a
downward pressure on chip 50 holding it in place. The downward pressure
tends to flatten the balls in each ball-array contact providing a large
contact area than a single ball, or other not  compressible contacts.
Semiconductor   



REPLACEMENT SHEET 2 4 MAY 1997 6 chip 50 does not need to be permanently
affixed to the substrate. The compressible ball-array contact provides good
contact with the substrate without permanent bonding and chip 50 may be
changed in the event of failure. Figure 6 illustates the use of ball-array
contacts over the surface of a . semiconductor chip or a passive substrate.
[err]                    7 CLAIMS: 1.         A contact for a semiconductor
device, comprising: a plurality of conductive balls, in an nxn array,
forming each contact; and a flattened area on each conductive ball at which
said conductive ball is secured to the semiconductor device contact area.
2.         The contact according to claim 1, wherein said conductive balls
in said contact are of a flexible material coated with a highly conductive
material. 3.         The contact according to claim 2, wherein the flexible
material is an elastomer material. 4.         The contact according to
claim 2 or claim  3, wherein said 



conductive material is gold. 5.         The contact according to any
preceding claim, wherein there is more than one nxn array of conductive
balls, each of which are compressible. 6.         A method for making a
contact for a semiconductor device, comprising the steps of: arranging a
plurality of ball contact elements in an nxn array; temporarily mounting
the nxn array of contact elements on a contact area on a semiconductor
device; and bonding the nxn array of contact elements to the contact area
on the semiconductor device. [err]    [err] 8 7.         The method
according to claim 6, wherein the step of temporarily mounting the array of
elements includes securing the array of elements with a paste material. 8.
The method according to claim 6 or claim 7, further comprising forming said
ball contact elements of a flexible material having a metallic coating
thereon. 9.         The method according to claim 8, further comprising the
step of forming the flexible material as an elastomer material. 10.
The method according to claim 8 or claim 9, further comprising 



providing said metallic material as gold. 11.        The method according
to any of claims 6 to 10, including the step of applying pressure and
compressing the array of ball elements prior to bonding the array of ball
elements to the contact area on the semiconductor device. 12.        The
method according to any of claims 6 to 11 further comprising the step of
applying an adhesive to the contact area on the semiconductor device on
which the contact elements are temporarily mounted.    REPLACEMENT SHEET
[err] 9 14.        The device according to claim 13, including a plurality
of nxm array openings spaced to correspond to the spacing of multiple
contacts on a semiconductor device, where n and m are whole numbers, equal
to one or greater.    


