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57 ABSTRACT

A test head is described for simultaneous test and/or burn-in
of'all of the chips on a semiconductor product wafer. The test
head is suitable for testing wafers containing high powered
chips such as microprocessors. A stimulus wafer is sup-
ported on a base with connections for power plus an inter-
face to a test support computer. Attached to a first face of the
stimulus wafer are all of the IC chips required to implement
test circuits, power distribution, local memory, temperature
sensing, and communication interfaces. The second face of
the stimulus wafer is used to attach the first face of the
product wafer using compliant connectors. The second face
of the product wafer is available for cooling. Advanced flip
chip connectors are preferably employed for assembling the
chips on the stimulus wafer; they enable rework of any chips
that prove defective. Embedded in the stimulus wafer are
interconnection circuits plus through-wafer connectors. The
product wafer is bumped at the [/O pads. In the stimulus
wafer, fine pitch sockets are provided for attaching IC chips
at the first face as well as for attaching the bumps of the
product wafer at the second face; each socket comprises a
well filled with conductive material and the bumps are
inserted into the wells. The bumps may be solder balls,
conductive pillars, stud bumps, or spring structures. By
circulating a cooling fluid against the back side of the
product wafer, high rate cooling of 20,000 watts or more can
be dissipated in the product wafer.
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SEMICONDUCTOR WAFER TESTER

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of co-
pending application Ser. No. 11/031,219 filed Jan. 6, 2005,
the entire contents of which is incorporated herein by this
reference.

THE INVENTION

[0002] This invention relates to apparatus and methods for
testing electronic components, and more particularly to
apparatus and methods for simultaneously testing all of the
integrated circuit chips on a semiconductor wafer, including
high powered chips.

BACKGROUND OF THE INVENTION

[0003] The current practice for testing integrated circuit
(IC) chips and the systems using them includes wafer sort at
the wafer level, unit test or class test at the packaged unit
level, board test at the board level, and system test at the
system level. At wafer sort, typically the wafer is tested one
chip at a time, using a probe card that steps in sequence
across the wafer. The probes typically have inductance that
limits the speed of wafer sort testing. Depending on circuit
yield, around 10-30% of the total chips are typically defec-
tive at wafer sort. The remaining good chips are usually
assembled into discrete packages and tested as packaged
units, typically at full clock speed. If burn-in is required it is
usually performed using packaged parts; they are plugged
into sockets on burn-in boards and exercised at temperature
and voltage extremes to identify weak chips that may fail
prematurely. Packaged parts that survive test and burn-in are
assembled onto printed circuit boards (PCBs), and the
boards are verified using a board level test. If components
prove defective at board test, they may be replaceable using
rework procedures; typically this includes melting of the
soldered connections so that a defective part can be with-
drawn from the board. If the board fails at system test it may
be replaced, or it may be repaired using a board level test.

[0004] The current invention addresses test apparatus and
methods to achieve known good die (KGD), for the case of
testing all of the chips on a wafer simultaneously; this is
known as “wafer level testing”. Although wafer level testing
has been applied for many decades to the preliminary test
known as “wafer sort”, it has only recently been applied to
high speed functional testing and burn-in. Wafer sort has
generally been a serial procedure, wherein the probes in the
probe card touch down on one die or a small group of die at
a time. In the preferred embodiment of the current invention,
all of the die are tested simultaneously, providing improve-
ments in test throughput and in test cost. In this application,
“die” may refer to a single integrated circuit chip, or a
plurality of chips. The improvement factor is approximately
equal to the degree of parallelism, i.e., the number of die on
a wafer. Microprocessor chips are chosen as a reference case
because they represent a class of IC chips having high power
and high speed requirements. A 300 mm semiconductor
wafer typically contains around 177 microprocessor chips
measuring approximately 18 mm on a side. At 90% yield
159 chips will be functional. Each chip may have 2,000
leads (I/O pads) for example. If a probe card is used to
contact such a wafer, it must have 354,000 individual probe
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tips. This level of complexity in the probe card is expensive
to build and is also difficult to maintain. Also, to take
advantage of parallel testing, the test environment preferably
includes a test channel for each of the probe tips. This
massive degree of parallelism is not physically possible
because of interference between the large number of probes
and because of difficulty fitting the large number of associ-
ated wires into the available space. Additionally, ff the logic
chips dissipate a substantial amount of power (some micro-
processor chips dissipate more than 100 W), then large
amounts of heat must be dissipated to prevent melting or
burning of the test head. For the case cited above, if each of
the 177 microprocessor chips on a product wafer dissipates
120 W the total heat dissipation is 21,240 watts, too much
for test heads in current use.

[0005] Insertion force is another critical parameter for
wafer level testing. For pogo pins and other probes utilizing
mechanical flexure, a typical force of 10-20 gm is required
for each pin or lead. For the case of 354,000 leads per wafer
and 10 grams of insertion force per lead, the total required
force is 3,540 kilograms or 7,804 pounds or 3.5 metric tons.
This high force is impractical or undesirable for testing a
product wafer. The current invention addresses this problem
by providing low insertion force connectors. These connec-
tors employ bumps or pillars at each I/O pad on the chip
side, and a corresponding well filled with conductive mate-
rial on the board or substrate side. The conductive material
filling the wells may be a liquid, or it may be a dry powder.
For example, micron or sub-micron sized particles of gold or
gold-tin alloy are suitable, having good flow characteristics.
The proposed array of connectors comprises a multi-pin
fine-pitch test connector having low insertion force.

[0006] In U.S. Pat. No. 5,070,297 to Kwon et al. have
described a test probe unit connected between an integrated
circuit chip and a test control unit. The test probe unit
includes a plurality of probe tips and compliant material
assures that the probe tips positively and conductively
engage integrated circuit pads of all associated integrated
circuits on a wafer.

[0007] 1In U.S. Pat. No. 5,461,327 to Shibata et al. have
described a probe apparatus including a test head connecting
to a tester through a bundle of leads.

[0008] InU.S. Pat. No. 5,701,666 to DeHaven et al. have
described a method for manufacturing a stimulus wafer for
use in a wafer-to-wafer testing system to test integrated
circuits located on a product wafer. A circuit distribution
wafer contains circuitry which is used to test the integrated
circuits on the product wafers. A connection from the
product wafer to the circuit distribution wafer is made via a
compliant interconnect medium.

SUMMARY OF THE INVENTION

[0009] The current invention is a tester apparatus and a
test method that can be used for parallel testing and/or
burn-in of a wafer full of high-powered IC chips. Preferably
all of the die on the wafer are provided with parallel and
independent paths for both stimulus and response. The test
head includes a stimulus wafer assembly, a product wafer, a
compliant interface between the stimulus wafer assembly
and the product wafer, and a cooling chamber having
circulating coolant that directly contacts the back side of the
product wafer. The preferred embodiment of the complete
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test system also includes a computer subsystem, a power
supply, and a cooling subsystem. This system can provide
“high rate cooling” while supporting functional testing at
full chip speed, with preferably all of the chips on the wafer
being simultaneously and independently tested.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing and other objects of the invention
will be more clearly understood from the accompanying
drawings and description of the invention:

[0011] FIGS. 1A-1E illustrates in a schematic cross-sec-
tion a sequence of steps to configure and operate a test head
of the current invention.

[0012] FIG. 2 shows the topside of a stimulus wafer,
including 177 die sites.

[0013] FIG. 3 is an expanded view of one of the die sites
of FIG. 2, showing an array of wells that functions as a fine
pitch test socket.

[0014] FIG. 4 illustrates a stimulus wafer in cross-section.

[0015] FIG. 5 shows the underside of the stimulus wafer
of FIG. 4, including sites for connecting a cable and attach-
ing multiple IC chips.

[0016] FIG. 6 is an expanded view of a group of attached
chips from FIG. 5.

[0017] FIG.7 is a flow diagram showing control paths and
interfaces linking objects of the proposed test system.

[0018] FIG. 8 illustrates in a cross-section preferred bump
terminals at input/output pads of the product wafer.

[0019] FIG. 9 shows in a cross-section preferred well
structures on one face of the stimulus wafer assembly, the
wells corresponding to the bumps of FIG. 8.

[0020] FIG. 10 illustrates in a cross section filling of the
wells of FIG. 9 with a conductive powder.

[0021] FIG. 11 shows a portion of the compliant interface
between stimulus and product wafers in cross section.

[0022] FIG. 12 shows in a cross section the effect of
melting solder in the wells to form a permanent connection
at IC chip attachments.

[0023] FIG. 13 shows in a cross section bumps mated with
wells, wherein the bumps include bends.

[0024] FIG. 14 shows in a cross section solder ball bumps
mated with wells.

[0025] FIG. 15 illustrates in a cross section bumps in the
form of stud bumps, mated with corresponding wells.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0026] A test pedestal or base of a wafer level test head
includes connections to a power source, a test support
computer, and a cooling subsystem. Within the test head, test
circuits are mounted on a stimulus wafer supported on the
base, connected to the power source and the test support
computer. An advanced flip chip connector is preferably
used on both faces of the stimulus wafer. The first face has
attached IC chips that implement a broad range of testing
and support functions. The second face includes a compliant
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interface between the stimulus wafer and the product wafer
to be tested. Each flip chip connector preferably includes a
male part comprising a conductive element in the form of a
bump, and a female part in the form of a well filled with
conductive material. The bump may be a straight conductive
pillar, a bent wire, a stud bump, a solder bump, or any
similar conductive region extending from a chip pad. For
brevity, the male portion is referred to herein as a “bump” or
a “pillar”. Such a bump is provided at each /O pad of each
mounted chip, and also at each /O pad of the product wafer.
During assembly, the bumps are aligned with and inserted
into the wells. The wells connect with interconnect traces of
the stimulus wafer and selectively with conductive elements
(feedthroughs) passing through the stimulus wafer.

[0027] At the compliant interface between the stimulus
wafer assembly and the product wafer, the pillars have a
length to diameter ratio that provides flexibility in the flip
chip connectors in the horizontal plane. The compliant or
flexural behavior is capable of relieving shear stresses at
chip-to-wafer interfaces or wafer-to-wafer interfaces. The
pillars are preferably flexible enough that an epoxy under fill
layer is not required to achieve highly reliable chip-to-
substrate connections. When formed into springs having a
bend in the middle, pillars have increased flexibility for
relieving tensile/compressive stresses in the vertical direc-
tion. However, the bend is typically not required since a
suitably slender straight pillar element will buckle as
required to relieve compressive stress. If the stimulus wafer
is fabricated from silicon and the attached ICs are also
fabricated from silicon, the thermal characteristics of chip
and substrate will be matched. However, pillars having
adequate flexibility to tolerate mismatched expansion char-
acteristics of different chip or substrate materials are pre-
ferred because they can be applied in a standard manner. For
chip sizes up to 20 mm on a side, and for power dissipations
up to 120 W, an epoxy under layer can usually be avoided
with a pillar length of approximately 100 microns and a
pillar diameter of approximately 10 microns. The pillars on
the chip side terminate in wells on the substrate side. The use
of either liquid metal or dry powder as the conductive
material in the wells provides a temporary plug-and-socket
connection for the duration of the test. Details of a test
socket using a liquid conductor in the wells are described in
co-pending U.S. patent application, Ser. No. 11/007,720, the
entire contents of which is incorporated herein by this
reference.

[0028] IC chips mounted on the stimulus wafer implement
most of the test functions except for some high level
functions that are preferably implemented in a test support
computer. Preferably the stimulus wafer also has through-
wafer interconnects in order to provide short path lengths for
both stimulus and response signals, enabling high speed
control and sensing of circuits on the product wafer. The
stimulus wafer assembly preferably also includes in chip
form all of the power distribution circuits required for
distributing power locally to each die on the product wafer.
These power distribution circuits may include DC-to-DC
converters and/or local voltage regulators, in addition to
passive arrays of termination resistors and bypass capaci-
tors.

[0029] The advanced flip chip connectors are designed to
enable replacement of any assembled chips that prove to be
defective. Even if 100 or more IC chips are required to


















