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(57) ABSTRACT

Probes for electronic devices are described. The probe is
formed by ball bonding a plurality of wires to contact
locations on a fan out substrate surface. The wires are cut off
leaving stubs. A patterned polymer sheet having electrical
conductor patterns therein is disposed over the stubs which
extend through holes in the sheet. The ends of the wires are
flattened to remit the polymer sheet in place. The wire is
connected to an electrical conductor on the polymer sheet
which is converted to a contact pad on the polymer sheet. A
second wire is ball bonded to the pad on the polymer sheet
and cut to leave a second stub. The polymer sheet is laser cut
so that each second stub is free to move independently of the
other second studs. The ends of the second stubs are
disposed against contact locations of an electronic device,
such as an FC chip, to test the electronic device.
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HIGH DENSITY CANTILEVERED PROBE FOR
ELECTRONIC DEVICES

FIELD OF THE INVENTION

[0001] The present invention is directed to probe struc-
tures for testing of electrical interconnections to integrated
circuit devices and other electronic components and particu-
larly to testing integrated circuit devices with flat or recessed
surfaces for wired bonded interconnections.

BACKGROUND OF THE INVENTION

[0002] Integrated circuit (IC) devices and other electronic
components are normally tested to verify the electrical
function of the device and certain devices require high
temperature burn-in testing to accelerate early life failures of
these devices. The various types of interconnection methods
used to test these devices include permanent, semi-perma-
nent, and temporary attachment techniques. The permanent
and semi-permanent techniques that are typically used
include soldering and wire bonding to provide a connection
from the IC device to a substrate with fan out wiring or a
metal lead frame package. The temporary attachment tech-
niques include rigid and flexible probes that are used to
connect IC device to a substrate with fan out wiring or
directly to the test equipment.

[0003] The permanent attachment techniques used for
testing integrated circuit devices such as wire bonding to a
leadframe of a plastic leaded chip carrier are typically used
for devices that have low number of interconnections and
the plastic leaded chip carrier package is relatively inexpen-
sive. The device is tested through the wire bonds and leads
of the plastic leaded chip carrier and plugged into a test
socket. If the integrated circuit device is defective, the
device and the plastic leaded chip carrier are discarded.

[0004] The semi-permanent attachment techniques are
typically used for testing integrated circuit devices with
solder ball attachment to a ceramic or plastic pin grid array
package. The device is tested through the solder balls and the
internal fan out wiring and pins of the pin grid array package
that is plugged into a test socket. If the integrated circuit
device is defective, the device can be removed from the pin
grid array package by heating the solder balls to their
melting point. The processing cost of heating and removing
the chip is offset by the cost saving of reusing the pin grid
array package.

[0005] The most cost effective techniques for testing and
burn-in of integrated circuit devices provide a direct inter-
connection between the pads on the device to a probe socket
that is hard wired to the test equipment. Contemporary
probes for testing integrated circuits are expensive to fab-
ricate and are easily damaged. The individual probes are
typically attached to a ring shaped printed circuit board and
support cantilevered metal wires extending towards the
center of the opening in the circuit board. Each probe wire
must be aligned to a contact location on the integrated circuit
device to be tested. The probe wires are generally fragile and
easily deformed or damaged. This type of probe fixture is
typically used for testing integrated circuit devices that have
contacts along the perimeter of the device. This type of
probe is also much larger that the IC device that is being
tested and is limited to testing a single IC device at a time.
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[0006] Another technique used for testing IC devices uses
a thin flex circuit with metal bumps and fan out wiring. The
bumps are typically formed using photolithographic pro-
cesses and provide a raised contact for the probe assembly.
The bumps are used to contact the flat or recessed wire bond
pads on the IC device. An elastomer pad is typically used
between the back of the flex circuit and a pressure plate or
rigid circuit board to provide compliance for the probe
interface. This type of probe is limited to flexible film
substrate materials that typically have one or two wiring
layers. Also, this type of probe does not provide a wiping
contact interface to ensure a low resistance contact. The
prior art described below includes a variety of different
probe fixtures for testing bare IC chips.

PRIOR ART

[0007] 1.U.S. Pat. No. 5,172,050, issued Dec. 15, 1992 to
Swapp is directed to fixtures for testing bare IC chips. The
fixture is manufactured from a silicon wafer or other semi-
conductor substrate material. The probe contacts are fabri-
cated in the top surface of the substrate using micromachin-
ing techniques. Each probe contact is formed by etching a
cavity into the substrate with a cantilevered beam extending
into the center of the cavity. The minimum spacing and
density of the probe contacts is limited by the need to use the
space between the contacts for fan out wiring and the
diameter of the cavities must be larger than the contact pad
on the IC device to allow the cantilever beam contacts to
flex. Although this technique is similar to the probe structure
described in this patent application, it is limited to substrates
made from a silicon wafer or other semiconductor materials.

[0008] 2. U.S. Pat. No. 5,177,439, issued Jan. 5, 1993 to
Liu et al., is directed to fixtures for testing bare IC chips. The
fixture is manufactured from a silicon wafer or other sub-
strate that is compatible with semiconductor processing. The
substrate is chemically etched to produce a plurality of
protrusions to match the /O pattern on the bare IC chip. The
protrusions are coated with a conductive material and con-
nected to discrete conductive fan out wiring paths to allow
connection to an external test system. The probes described
in this patent are rigid and do not provide a wiping interface
with the mating contacts on the IC device. Also, the substrate
used for fabrication of this probe fixture is limited to
semiconductor wafers which are relatively expensive. The
high density cantilever test probe can be fabricated on a
variety of inexpensive substrate with the fan out wiring.

[0009] 3. IBM Docket #Y(0993-028 describes a high
density test probe for integrated circuit devices. The probe
structure described in this docket uses short metal wires that
are bonded on one end to the fan out wiring on a rigid
substrate. The wires are encased in a compliant polymer
material to allow the probes to compress under pressure
against the integrated circuit device. The wire probes must
be sufficiently long and formed at an angle to prevent
permanent deformation during compression against the inte-
grated circuit device. High temperature applications of this
type of probe are limited due to the glass transition tem-
perature of the polymer material surrounding the probes as
well as the coefficient of thermal expansion mismatch
between the compliant polymer material and the rigid sub-
strate.
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SUMMARY OF THE INVENTION

[0010] Tt is the object of the present invention to provide
a probe for testing integrated circuit devices and other
electronic components that use flat or recessed surfaces for
wire bonded interconnectors.

[0011] Another object of the present invention is to pro-
vide a probe structure that is an integral part of the fan out
wiring on the test substrate or other printed wiring means to
minimize the electrical conductor length as well as the
contact resistance of the probe interface.

[0012] A further object of the present invention is to
provide a raised probe tip for contacting recessed surfaces
on the IC device.

[0013] An additional object of the present invention is to
provide a compliant probe structure that has a wiping
interface as the probe is compressed against the mating
contacts on the IC device.

[0014] Yet another object of the present invention is to
provide a fabrication process that minimizes the potential for
damaging the interconnect circuit wiring in the substrate
material.

[0015] Yet an additional object of the present invention is
to provide a high density probe structure to allow multiple
chips to be tested by a single test fixture.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and other objects, features, and advantages
of the present invention will become apparent upon further
consideration of the following detailed description of the
invention when read in conjunction with the drawing fig-
ures, in which:

[0017] FIG. 1 shows a cross section of a high density
cantilever test probe attached to a substrate and pressed
against the bond pads on an integrated circuit device.

[0018] FIG. 2 shows an enlarged cross section of a single
high density cantilever test probe attached to the fan out
wiring on the test substrate.

[0019] FIGS. 3-6 show the processes used to fabricate the
high density cantilever test probe structure on a fan out
wiring substrate.

[0020] FIG. 7 shows a top view of an area array of high
density cantilever test probes.

[0021] FIG. 8 shows the wiping action of the high density
cantilever test probe structure while it is pressed against the
bond pads on an integrated circuit device.

[0022] FIGS. 9, 10 and 11 show alternate embodiments of
the high density cantilever test probe structure.

DETAILED DESCRIPTION OF THE
INVENTION

Preferred Embodiment

[0023] FIG. 1 shows a cross section of a test substrate (10)
and high density cantilever test probe (20) according to the
present invention. The test substrate (10) provides a rigid
base for attachment of the probe structures (20) and fan out
wiring from the high density array of probe contacts to a
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larger grid of pins or other interconnection means to the
equipment used to electrically test the integrated circuit
device. The fan out substrate can be made from various
materials and constructions including single and multi-layer
ceramic with thick or thin wiring, silicon wafer with thin
film wiring, or epoxy glass laminate construction with high
density copper wiring. The cantilever test probes (20) are
attached to the first surface (11) of the substrate (10). The
probes are used to contact the bond pads (31) on the
integrated circuit device (30). The surface of the bond pads
(31) are recessed slightly below the surface of the passiva-
tion layer (32) on the integrated circuit device (30).

[0024] The cantilever probe structure (20) is comprised of
a first ball bond (21) attached to the fan out wiring (12) of
the test substrate (10). A flexible polymer beam (24) is
connected to the top of the first ball bond (21) by a flattened
stud (23). A second ball bond (27) with a short stud (28) is
attached to the flexible polymer beam (24). The geometry
and elastic properties of the flexible polymer beam (24) are
optimized to allow movement of the short stud (28) on the
second ball bond (27).

[0025] FIG. 2 shows an enlarged cross section of the high
density cantilever test probe (20). The first ball bond (21) is
attached to the fan out wiring (12) on the first surface (11)
of the substrate (10) to minimize the resistance of the probe
interface. A first short stud (22) protrudes from the first ball
bond (21) through a hole (29) in the flexible polymer beam
(24). The top of the first short stud (23) is flattened to lock
the flexible polymer beam (24) in place. The second ball
bond (27) is attached to the metallized layer (26) on the first
surface (25) of the flexible polymer beam (24). A second
short stud (28) protrudes from the second ball bond (27) to
provide the contact interface for the probe.

[0026] FIG. 3 shows the first process used of fabricate the
high density cantilever probe. A thermosonic wire bonder
tool is used to attach ball bonds (27) to the first surface (41)
of'a sheet of flexible polymer material (40). The wire bonder
tool uses a ceramic capillary (80) to press the ball shaped
end of the bond wire (81) against the first surface (41) of the
polymer sheet (40). Compression force and ultrasonic
energy (82) are applied through the capillary (80) tip and
thermal energy is applied from the wire bonder stage
through the rigid work holder (42) to bond the ball shaped
end of the bond wire (81) to the first surface (41) of the
polymer sheet (40). The rigid work holder (42) is tempo-
rarily attached to the polymer sheet to increase the rigidity
of the thin sheet. The bond wire (81) is cut, sheared, or
broken to leave a small stud (28) protruding vertically from
the ball bond (27).

[0027] FIG. 4 shows the wire bonder tool used to attach
bond bonds (21) to the first surface (11) of a rigid substrate
(10). The ball bonds (21) are attached to the fan out wiring
(12) on the first surface (11) of the rigid substrate (10). The
bond wire (81) is cut, sheared, or broken to leave a small
stud (22) protruding vertically from the ball bond (21). A
plurality of holes in the sheet of flexible polymer material
(40) are aligned with the corresponding short studs (22)
protruding from the ball bonds (21) attached the rigid
substrate (10) as shown in FIG. 5. The ends of the short studs
(22) are flattened by compressive force (91) applied to a
hardened anvil tool (90) to lock the sheet of polymer sheet
(40) in place. FIG. 6 shows a laser (100) used to separate the
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polymer sheet (40 into in individual flexible polymer beams
(24). The individual polymer beards (24) allow the cantile-
ver probes (20) to move independent from the adjacent
probes.

[0028] FIG. 7 shows a top view of an array configuration
of the high density cantilever test probes. Each of the
cantilever test probes is completely separated from the
adjacent probes. The test probes can be arranged in other
configurations as well including peripheral and partial or
random array configurations to match the contacts on the
device to be tested.

[0029] FIG. 8 shows a magnified cross section of the high
density cantilever probe (20) pressed against the bond pads
(31) on an IC device (30). FIG. 7 also shows an outline of
the second ball bond (50) and second short stud (51) in the
uncompressed position. As the cantilever probe (20) is
pressed against the IC device (30), the flexible polymer
beam (53) bends and causes the tip of the second short stud
(55) protruding from the second ball bond to wipe (57)
against the bond pad (31). The wiping action (57) of the
cantilever probe (20) ensures a good electrical connection to
the IC device (30) by cutting through any oxide or films that
may be on the surface of the bond pad (31). The distance that
the cantilever probe (20) wipes is controlled by the geometry
of'the flexible polymer beam and the amount of compression
(56) of the probe.

Alternate Embodiments

[0030] FIG. 9 shows a magnified cross section of an
alternate embodiment of the high density cantilever test
probe (60). The alternate embodiment uses a layer of elas-
tomer (61) between the first surface of the substrate (11) and
the flexible polymer beam (62). In this embodiment, the
thickness of the polymer beam (62) can be reduced since the
elastic properties of the cantilever probe (60) are primarily
determined by the elastomer layer (61). The elastomer layer
(61) is added to the cantilever probe structure (60) after the
first ball bonds (21) and short studs (22) are attached to the
substrate (10) and before the flexible sheet of polymer (40)
is placed over the ends of the first short studs (22). The laser
process (100) that is used to separate the polymer sheet (40)
into individual polymer beams (62) is also used to separate
the layer of elastomer (61) into individual segments.

[0031] FIG. 10 shows a magnified cross section of an
additional alternate embodiment of the high density canti-
lever test probe (70). This embodiment of the cantilever
probe uses a plated bump (71) on the end of the flexible
polymer beam (24) instead of the second wire bond (27) and
short stud (28). The plated bumps (71) are fabricated using
conventional photolithographic processes and should be less
expensive than the wire bonded probe contacts (27+28).

[0032] FIG. 11 shows a top view of another alternate
embodiment of the high density cantilever test probe (75).
The cantilever test probes in this embodiment are only
partially separated from the adjacent probe structures. A
single slot (76) or series of holes and slots are created in the
sheet of flexible polymer material to allow the probe tip (28)
and second ball bond (27) to move independently of the
adjacent probe tips. The geometry of the slot (76) can be
modified to optimize the elastic behavior and compliance of
the probe structure.
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[0033] While we have described our preferred embodi-
ments of our invention, it will be understood that those
skilled in the art, both now and in the future, may make
various improvements and enhancements which fall within
the scope of the claims which follow. These claims should
be construed to maintain the proper protection for the
invention first disclosed.

1-55. (canceled)

56. A high density probe for making electrical contact
with a plurality of raised, flat or recessed contacts on an
integrated circuit device comprising:

a first substrate having a first surface;
said first surface having a plurality of contact locations;

a plurality of first short studs extending outward from said
contact locations, away from said first surface on said
substrate;

a plurality of flexible electrically conductive beams hav-
ing a plurality of electrical contact locations corre-
sponding to said plurality of said first short studs;

said plurality of flexible electrically conductive beams
project from said contact location on said second
electrical conductor as a cantilevered electrically con-
ductive beam substantially parallel to said first surface
of said substrate;

a raised tip end on a surface of said plurality of flexible
electrically conductive beams;

said plurality of electrically conductive beams have a
bottom surface at least a portion of which is disposed
facing and spread apart from said substrate.

57. A structure according to claim 56, wherein said raised
tip ends are formed from a plurality of second ball bonds
attached to said plurality of flexible electrically conductive
beams with a plurality of second short studs extending
outward from said second ball bonds, away from flexible
electrically conductive beams.

58. A structure according to claim 56, wherein said
plurality of flexible electrically conductive beams are com-
pletely separated from adjacent beams.

59. A structure according to claim 56, wherein the action
of making electrical contact with said plurality of raised, flat
or recessed contacts on said integrated circuit device causes
said plurality of raised tip ends to wipe against said contacts
on said integrated circuit device.

60. A structure according to claim 56, wherein said
substrate is selected from the group consisting of:

a multilayer ceramic substrates with thick film wiring,

a multilayer ceramic substrates with thin film wiring,

a metallized ceramic substrates with thin film wiring,
an epoxy glass laminate substrates with copper wiring and

a silicon substrate with thin film wiring.

61. A structure according to claim 56, wherein said
electrically conductive beam comprises a layer of flexible
polymer material with said second electrical conductor
disposed thereon.

62. A method according to claim 56, wherein said raised
contact tips are plated bumps disposed on said flexible
electrically conductive beam.
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63. A structure according to claim 56, wherein a layer of
elastomer material is added between said first surface of the
substrate and the plurality of flexible electrically conductive
beams, said layer of elastomeric material is patterned to be
beneath said plurality of flexible electrically conductive
beams.

64. A structure according to claim 56, wherein a plated
bump is added to at least one of said of flexible electrically
conductive beams at said cantilevered end thereof.
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65. A structure according to claim 56, wherein a raised
probe tip is formed at said cantilevered end of said flexible
electrically conductive beam, said raised probe tip extends
outward from said cantilevered end, away from said first
surface of said substrate.

66. A structure according to claim 65, wherein said raised
probe tips are plated pumps.

67. A structure according to claim 56, wherein said
structures is an electrical connector.

#* #* #* #* #*



