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APPARATUS FOR TESTING ELECTRONIC DEVICES

BACKGROUND OF THE INVENTION
1). Field of the Invention

[0001] This invention relates to an apparatus that is used for full-wafer

testing and/ or burn-in testing and/ or built-in self-testing.

2). Discussion of Related Art

[0002] Microelectronic circuits are usually fabricated in and on
semiconductor wafers. Such a wafer is subsequently “singulated” or
“diced” into individual dies. Such a die is typically mounted to a
supporting substrate for purposes of providing rigidity thereto and
electronic communication with an integrated or microelectronic circuit of
the die. Final packaging may include encapsulation of the die and the
resulting package can then be shipped to a customer.

[0003] It is required that the die or the package be tested before being
shipped to a customer. Ideally, the die should be tested at an early stage for
the purposes of identifying the defects that occur during early stage
manufacturing.

[0004] The earliest stage that a die can be tested is after completion of the
manufacture of circuits at wafer level and before a wafer is singulated. Full
wafer testing carries with it a number of challenges. One challenge in full
wafer testing is that there are a large amount of contacts on a wafer and that
a large number of power, ground, and signal connections thus have to be

made.
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SUMMARY OF THE INVENTION

[0005] The invention provides a contactor assembly, including a contactor
support structure, a plurality of terminals, held by the contactor support
structure, for contacting respective contacts of a device under test, at least
first and second interfaces, on the contactor support structure, each having
at least one row of contacts for contacting a respective terminal of a
connector, the rows of the contacts of the interfaces being at an angle
between 0 degrees and 180 degrees relative to one another, and a plurality
of conductors, held by the contactor support structure, connecting the
contacts of the interfaces and the terminals on the contactor support
structure to one another.

[0006] The angle may be substantially 90 degrees.

[0007] The contactor assembly may comprise at least a third of said
interfaces, wherein the row of contacts of the third interface is between the
row of contacts of the first interface and the terminals held by the contactor
support structure.

[0008] The rows of contacts of the first and third interfaces may be
substantially parallel to one another.

[0009] The contactor support structure may have two threaded openings at
opposing ends of each interface, for securing the respective connectors to
the contactor support structure.

[0010] The contactor support structure may include a distribution
substrate and a circular contactor substrate secured to the distribution
substrate, the terminals held by the contactor support structure being held
by the contactor substrate and the contacts on the contactor support
structure being on the distribution substrate.

[0011] The invention also provides a contactor assembly, including a
contactor support structure, a plurality of terminals, held by the contactor

support structure, for contacting respective contacts of a device under test,
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at least first and second interfaces, on the contactor support structure, each
having at least one row of contacts for contacting a respective terminal of a
connector, the row of contacts of the second interface being between the row
of contacts of the first interface and the terminals held by the contactor
support structure, and a plurality of conductors, held by the contactor
support structure, connecting the contacts of the interfaces and the terminals
on the contactor support structure to one another.

[0012] The contactor assembly may comprise at least a third of said
interfaces, wherein the row of contacts of the second interface is between the
row of contacts of the first interface and the terminals held by the contactor
support structure.

[0013] The contactor support structure may have two threaded openings at
opposing ends of each interface, for securing the respective connectors to
the contactor support structure.

[0014] The invention further provides a contactor assembly, including a
contactor support structure, a plurality of terminals, held by the contactor
support structure within an inner area of the contactor support structure, for
contacting respective contacts of a device under test, a plurality of interfaces
on the contactor support structure, each interface having at least one row of
contacts for contacting a respective terminal of a connector, a combined
length of the rows being more than a length of a periphery of the inner area,
and a plurality of conductors, held by the contactor support structure,
connecting the contacts of the interfaces and the terminals on the contactor
support structure to one another.

[0015] The rows of the contacts of the interfaces may be at an angle
between 0 degrees and 180 degrees relative to one another.

[0016] A row of contacts of a first of the interfaces may be between a row
of contacts of a second of the interfaces.

[0017] The invention further provides an apparatus for testing an
integrated circuit of a device, including an apparatus frame, a holder,
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having a surface against which the device is placed, mounted to the
apparatus frame, a cartridge frame mounted to the apparatus frame, a
contactor support structure, a contactor interface on the contactor support
structure, a plurality of terminals held by the contactor support structure, a
plurality of conductors, held by the contactor support structure, connecting
the interface to the terminals, and an actuator connected between the
cartridge frame and the contactor support structure, having first and second
portions that are movable relative to one another to move the contactor
support structure relative to the cartridge frame and toward the surface of
the holder so that the terminals are urged against contacts of the device.
[0018] The first and second portions of the actuator may be a cylinder and
a piston, respectively, the piston being located in the cylinder so that the
cylinder and the piston jointly define a volume, further including a fluid line
connected to the volume to modify a pressure of the volume and move the
piston relative to the cylinder.

[0019] A travel sensor for measuring the movement of the contactor
support relative to the cartridge frame may be provided.

[0020] The cartridge frame may include a lower backing plate and a
support structure, and the travel sensor may include an outer portion
attached to the support structure and an inner portion attached to the
backing plate, and actuation of the actuator may cause the relative
movement between the outer portion and the inner portion.

[0021] The travel sensor may measure the change of inductance or
capacitance between the outer portion and the inner portion.

[0022] The invention further provides a cartridge, including a cartridge
frame, formations on the cartridge frame for mounting the cartridge frame
in a fixed position to an apparatus frame, a contactor support structure, a
contactor interface on the contactor support structure, a plurality of
terminals held by the contactor support structure, a plurality of conductors,
held by the contactor support structure, connecting the interface to the
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terminals, and an actuator connected between the cartridge frame and the
contactor support structure, having first and second portions that are
movable relative to one another to move the contactor support structure
relative to the cartridge frame.

[0023] The first and second portions of the actuator may use a cylinder and
a piston, respectively, the piston being located in the cylinder so that the
cylinder and the piston jointly define a volume, further including a fluid line
connected to the volume to modify a pressure of the volume and move the
piston relative to the cylinder.

[0024] A travel sensor for measuring the movement of the contactor
support relative to the cartridge frame may be provided.

[0025] The cartridge frame may include a lower backing plate and a
support structure, and the travel sensor may include an outer portion
attached to the support structure and an inner portion attached to the
backing plate, and actuation of the actuator may cause the relative
movement between the outer portion and the inner portion.

[0026] The travel sensor may measure the change of inductance or
capacitance between the outer portion and the inner portion.

[0027] The invention further provides a method of testing an integrated
circuit of a device, including holding the device against a surface of a holder,
actuating an actuator to move a contactor support structure relative to a
frame and urge terminals on the contactor support structure against contacts
on the device, and providing signals through the terminals and contacts to
the integrated circuit.

[0028] The method further comprises moving the device with the holder
relative to the frame in a direction toward the contactor support structure
before urging the terminals against the contacts.

[0029] The method further comprises utilizing the actuator to move the
terminals into contact with the contacts.

[0030] The actuator may include a cylinder and a piston in the cylinder, the
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piston being moved relative to the cylinder by changing a pressure on a
surface of the cylinder.

[0031] The method may further include measuring the movement of the
actuator.

[0032] The method may further include controlling the speed of movement
of the actuator.

[0033] The invention further provides an apparatus for testing an
integrated circuit of a device, including an apparatus frame; a holder,
having a surface against which the device is placed, mounted to the
apparatus frame; a cartridge frame mounted to the apparatus frame; a
contactor support structure; a contactor interface on the contactor support
structure; a plurality of terminals held by the contactor support structure; a
plurality of conductors, held by the contactor support structure, connecting
the interface to the terminals; a variable-force actuator connected between
the cartridge frame and the contactor support structure, having first and
second portions that are movable relative to one another to move the
contactor support structure relative to the cartridge frame and toward the
surface of the holder so that the terminals are urged against contacts of the
device; and a travel sensor connected to the cartridge frame for measuring
the movement of the cartridge frame relative to the apparatus frame.

[0034] The cartridge frame may include a lower backing plate and a
support structure, and wherein the travel sensor may include an outer
portion attached to the support structure and an inner portion attached to
the backing plate, and wherein actuation of the actuator may cause the
relative movement between the outer portion and the inner portion.

[0035] The device with the holder may be moveable relative to the frame in
a direction toward the contactor support structure.

[0036] The variable-force actuator may include a piston.

[0037] The pressure of the piston may be set so that the piston is in the
middle of its stroke when the terminals are urged against the contacts of the
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device.

[0038] The invention further includes an apparatus for testing an
integrated circuit of a device, including an apparatus frame, an alignment
formation on the apparatus frame, a holder, capable of holding the device,
mounted to the apparatus frame, a cartridge frame, a contactor support
structure mounted to the cartridge frame, a plurality of terminals on the
contactor support structure, and a positioning formation on the cartridge
frame, the positioning formation mating with the alignment formation to
position the cartridge frame on the apparatus frame in a position wherein
the terminals can make contact with contacts of the device upon movement
of the terminals and the contacts relatively toward one another.

[0039] The apparatus comprises a plurality of alignment formations on the
apparatus frame and a plurality of positioning formations on the cartridge
frame, each mating with a respective one of the alignment formations.
[0040] The apparatus of further comprises a retaining mechanism
releasably interconnecting the apparatus frame and the cartridge frame to
prevent movement of the cartridge frame off the apparatus frame when the
terminals are urged against the contacts.

[0041] The retaining mechanism may be remotely actuable.

[0042] The alignment formation may be an opening in the frame, the
positioning formation being a positioning pin that is inserted into the
opening, and the retaining formation engaging with a retaining formation
on the positioning pin.

[0043] The apparatus further comprises an interface on the contactor
support structure and a plurality of conductors interconnecting the
terminals with contacts of the interface, and a flexible connector attached to
the interface through which signals can be routed to the terminals and the
contacts on the device.

[0044] The invention further provides a cartridge, including a cartridge
frame, a plurality of positioning pins on the cartridge, each being insertable
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into a respective opening of an apparatus frame, and each having a
retaining formation with which a retaining mechanism on the apparatus
frame is engageable to secure the cartridge frame to the apparatus frame, a
contactor support structure mounted to the cartridge frame, a plurality of
terminals on the contactor support structure, each being positioned for
contacting a respective contact of a device, an interface on the contactor
support structure, and a plurality of conductors interconnecting the
terminals with contacts of the interface.

[0045] The invention further provides a method for testing an integrated
circuit of a device including moving a positioning formation toward an
alignment formation to position a cartridge frame on an apparatus frame in
a position wherein terminals of the cartridge frame can make contact with
contacts of the device upon movement of the terminals and the contacts
relatively toward one another; and engaging the positioning formation with
the alignment formation.

[0046] The positioning formations may include a plurality of positioning
pins insertable into a respective opening of the apparatus frame.

[0047] The positioning pins may include a retaining formation engageable
with a retaining mechanism on the apparatus frame.

[0048] The invention further provides a connector system, including a first
frame portion, a connector block support piece held by the first frame
portion, a first connector block held by the connector block support piece, a
plurality of terminals and contacts held by the first connector block, a first
engagement component mounted to the connector block support piece, a
second frame portion, a second connector block held by the second frame
portion, a plurality of terminals and contacts held by the second connector
block, a second engagement component mounted to the second frame
portion, the second engagement component being releasably engageable
with the first engagement component, and a component actuator connected
to the second engagement component, the component actuator, upon
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actuation, causing movement of the second and first engagement
components relative to the second frame portion, and movement of the
connector block support piece relative to the first frame portion so that the
contacts on the first connector block come into contact with the terminals on
the second connector block.

[0049] The actuator may include a cylinder and a piston in the cylinder, the
second engagement component being a shaft that extends from the cylinder
and having an engagement formation thereon, wherein the first engagement
component has an engagement formation thereon and is movable relative to
the connector support piece between a first position, wherein the
engagement formation on the first engagement component is disengaged
from the engagement formation on the second engagement component, and
a second position wherein the engagement formations of the first and
second engagement components engage with one another.

[0050] The invention further provides a connector system, including a first
frame portion, a second frame portion, a plurality of connector sets, each set
including a connector block support piece held by the first frame portion, a
first connector block held by the connector block support piece, a plurality
of terminals and contacts held by the first connector block, a first
engagement component mounted to the connector block support piece, a
second connector block held by the second frame portion, a plurality of
terminals and contacts held by the second connector block, a second
engagement component mounted to the second frame portion, the second
engagement component being releasably engageable with the first
engagement component, and a component actuator connected to the second
engagement component, and an engager which is movable between a
disengaging position wherein the first engagement components are
disengaged from the second engagement components, and an engaging
position wherein the engager has moved the first engagement components
into engagement with the second engagement components, the component

9



WO 2006/116767 PCT/US2006/016659

actuator, upon actuation, causing movement of the second and first
engagement components relative to the second frame portion, and
movement of the connector block support piece relative to the first frame
portion so that the contacts on the first connector block come into contact
with the terminals on the second connector block.

[0051] The connector system further comprises an engager actuator
connected to the engager, the engager actuator moving the engager between
the engaging and disengaging positions.

[0052] The connector sets may be located in at least one row.

[0053] The invention further provides an engager including first
engagement components connected with a first connector block having a
plurality of contacts; second engagement components connected with a
second connector block having a plurality of terminals; and an actuator to
move the first engagement components from a disengaging position,
wherein the first engagement components are disengaged from the second
engagement components, to an engaging position wherein the first
engagement components are engaged with the second engagement
components to contact the contacts of the first connector block with the
terminals of the second connector block.

[0054] The first engagement components may be mounted to a first
connector block support piece, the first connector block support piece
supporting the first connector block and wherein the second engagement
components may be mounted to a second connector block support piece, the
second connector block support piece supporting the first connector block.
[0055] The first engagement components may include slider pins, and
wherein the second engagement components comprise slider openings
corresponding to the slider pins.

[0056] The actuator may include a cylinder and a piston in the cylinder.
[0057] The actuator may include a cylinder and a piston in the cylinder, the
second engagement component being a shaft that extends from the cylinder
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and having an engagement formation thereon, wherein the first engagement
component has an engagement formation thereon and is movable relative to
the connector support piece between a first position, wherein the
engagement formation on the first engagement component is disengaged
from the engagement formation on the second engagement component, and
a second position wherein the engagement formations of the first and
second engagement components engage with one another.

[0058] The invention further provides an apparatus for testing an
integrated circuit of a device, including an apparatus frame having first,
second, and third portions, a holder for the device mounted to the first
portion of the apparatus frame, a plurality of first connector modules held
by the second portion of the apparatus frame, each having a body and a
plurality of terminals and contacts on the body, a contactor support
structure, a plurality of terminals on the contactor support structure, the
contactor support structure being positioned so that the terminals thereon
can make contact with contacts on the device, a plurality of conductors
connecting the terminals on the contactor support structure with the
terminals of the first connector modules, and a plurality of second connector
modules held by the third portion of the apparatus frame, each having a
body and a plurality of terminals and contacts on the body, the contacts of
the first connector modules being engageable with the terminals of the
second connector modules.

[0059] The third portion of the apparatus frame may be movable relative
to the second portion of the apparatus frame to move the second connector
modules relatively toward the first connector modules.

[0060] The first connector modules may be located in an array having a
plurality of rows and columns.

[0061] The first connector modules may be located over a first area and the
terminals on the contactor support structure are located over a second area,
the first area being larger than the second area.
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[0062] The apparatus comprises a plurality of flexible ribbons, each
including a flexible outer layer and a respective set of the conductors within
the respective flexible outer layer.

[0063] The body of each respective first connector module may have a
plurality of slots formed therein and the contacts of the first connector
module are within the slots, and wherein each respective second connector
module has a plurality of substrates held by the body of the second
connector module and the terminals of the second connector module being
located on the substrates, the substrates being insertable into the slots.
[0064] The invention further provides a cartridge, including a cartridge
frame, a plurality of first connector modules held by the cartridge frame,
each having a body and a plurality of terminals and contacts on the body, a
contactor support structure mounted to the cartridge frame, a plurality of
terminals, for contacting contacts on a device, on the contactor support
structure, and a plurality of conductors connecting the terminals on
the contactor support structure with the terminals of the first connector
modules.

[0065] The first connector modules may be located in an array having a
plurality of rows and columns.

[0066] The first connector modules may be located over a first area and the
terminals on the contactor support structure are located over a second area,
the first are being larger than the second area.

[0067] The cartridge comprises a plurality of flexible ribbon, each
including a flexible outer layer and the conductors within the flexible outer
layer.

[0068] The body of each respective first connector module may have a
plurality of slots formed therein and the contacts of the first connector module
are within the slots.

[0069] The invention further provides a method for testing an integrated
circuit of a device including providing a plurality of first connector modules
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held by a portion of an apparatus frame, the plurality of first connector
modules including a plurality of terminals and contacts; providing a plurality
of second connector modules held by a different portion of the apparatus
frame, the plurality of second connector modules including a plurality of
terminals and contacts; and engaging the contacts of the first connector
modules with the terminals of the second connector modules.

[0070] The portion of the apparatus frame holding the second connector
modules may be moveable relative to the portion of the apparatus frame
holding the first connector modules.

[0071] The invention also provides an apparatus for testing integrated circuits
of a plurality of devices, comprising at least one holder to hold the plurality of
devices, a tester system having a plurality of output channels and an
interconnection scheme to connect the channels to a plurality of contacts of the
plurality of devices, the contacts being connected to the integrated circuits, a
computer system having memory, a test program stored in the memory, the
test program having a series of instructions written for testing one of the
devices, a configuration file stored in the memory, the configuration file
representing a relationship between the channels and the contacts of the
plurality of devices, and a test application that utilizes the test program and the
configuration file to provide signals in accordance with the series of
instructions of the test program through the channels and the interconnection
scheme to the contacts of the plurality of devices and the integrated circuits.
[0072] The interconnection scheme may also include a plurality of
configurable pattern generator boards, each representing a respective zone, the
configuration file having a zone number field indicating a plurality of
respective ones of the zones.

[0073] The interconnection scheme may also have a plurality of boards
inserted into a plurality of slots, the configuration file having a slot number
field indicating a plurality of respective ones of the slot numbers,

[0074] The configuration file may have channel, number, and pad labeled
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fields to represent the relationship between the channels and the contacts of the
plurality of devices.

[0075] The devices may be located in rows and columns, the configuration file
having column and row fields indicating the respective row and column of
each respective die.

[0076] The interconnection scheme may have a line connected to a set of the
devices and a plurality of respective select lines connected to respective ones of
the devices of the set, further comprising a shared resources map in the
memory, the shared resources map representing a relationship between the
select lines and the devices of the set.

[0077] The select lines may be grouped into chip select states.

[0078] The shared resources map may form part of the configuration file.
[0079] The apparatus may further comprise a test results file stored in
memory, and may have a processing application that utilizes the test results file
and the configuration file to provide a test output and optional test input.
[0080] The test application may utilize the test results file to selectively
modify signals in accordance with the series of instructions of the test program
through the channels and the interconnection scheme to the contacts of the
plurality of devices and the integrated circuits.

[0081] The test application may utilize the test results file to selectively
modify the sequence of signals in accordance with the series of instructions of
the test program through the channels and the interconnection scheme to the
contacts of the plurality of devices and the integrated circuits.

[0082] The invention also provides a method of testing integrated circuits of a
plurality of devices, comprising storing a test program having a series of
instructions written for testing one of the devices, storing a configuration file
representing a relationship between a plurality of channels and a plurality of
contacts of the plurality of devices, and providing signals in accordance with
the series of instructions of the test program through the channels to the
plurality of contacts of the plurality of devices, utilizing the configuration file to
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map the series of instructions of the test program to the plurality of contacts of
the plurality of devices.

[0083] The devices may be a portion of a wafer.

[0084] The method may further comprise uploading test results provided
from the devices through the configuration scheme and utilizing the test results
and the configuration file to prepare a test report.

[0085] The test results may be uploaded from memory on a plurality of
boards including at least one driver board and at least one power board.
[0086] The test results may be used to modify the signals provided to the
plurality of devices and the integrated circuits.

[0087] The test results may be used to modify the application of power
provided to the plurality of devices and the integrated circuits.

[0088] The test results may be used to modify the signals provided to the
plurality of devices and the integrated circuits to balance their power
consumption.

[0089] The test results may be used to selectively sort devices into groups
based upon their power consumption.

[0090] The test results may be used to modify the sequence of signals
provided to the plurality of devices and the integrated circuits.

[0091] The invention may also include a software assembly method,
comprising storing a plurality of net files, each net file having information
representing a scheme of current passing through conductors of a respective
electrical subassembly, providing an input of an interconnection scheme of a
plurality of the electrical subassemblies connected to one another; and
assembling a plurality of the net files based on the interconnection scheme to
construct a configuration file having information representing flow of current
through the electrical subassemblies of the interconnection scheme.

[0092] The input may be provided manually.

[0093] The electrical subassemblies may include pattern generator, driver, and
power boards.
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[0094] The electrical subassemblies may include a plurality of pattern
generator, driver, and power boards divided into physical zones with each
physical zone including one pattern generator board, at least one driver board,
and at least one power board connected to one another.

[0095] The configuration file may have a zone name field indicating a
plurality of respective ones of the physical zones.

[0096] Physical zones having the same zone name field may be grouped into a
logical zone.

[0097] Thee electrical subassemblies in the logical zone may be of the same
type and run the same test program at the same time.

[0098] The configuration file may have channel number and pad label fields to
represent a relationship between channels and contacts of a plurality of devices.
[0099] The interconnection scheme may have a line connected to a set of the
devices and a plurality of respective select lines connected to respective ones of
the devices of the set, further comprising using the net files to construct a
shared resources map representing a relationship between the select lines and
the devices of the set.

[00100] The select lines may be grouped into chip select states.

[00101] The invention may include a software assembler application,
comprising a plurality of net files, each file having information representing a
scheme of current passing through conductors of a respective electrical sub
assembly; an input module to provide an input of an interconnection scheme of
a plurality of electrical sub assemblies, and an assembly module that assembles
a plurality of the net files based on the interconnection scheme and constructs a
configuration file having information representing flow of current through the
electrical sub assemblies of the interconnection scheme.

[00102] The input module may include an interface with a list of selectable
inputs.

[00103] The interface may allow an operator to select the input of the
interconnection scheme.
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[00104] The electrical subassemblies may be selected from one or more of the
group consisting of a pattern generator board, driver board and a power board.
[00105] The input may include how the electrical subassemblies are to be
connected to one another.

[00106] The invention may include an apparatus for testing a device having
an integrated circuit, comprising a frame including a base portion, and test
head and thermal system portions secured to the base portion, a holder secured
to the base portion, the holder being capable of holding the device, a test head
mounted to the test head portion in a position such that electric signals can be
sent through the test head to the integrated circuit of the device, and a thermal
system located in a position to cool components of the test head, and being
mounted through the thermal system portion to the base portion.

[00107] The thermal system may be mounted through the thermal system
portion to the base portion without being mounted to the test head portion.
[00108] The test head may include a test head support structure, a plurality of
electric components mounted to the test head support structure, and a panel
that forms a passage through which air can flow before flowing over the
electric components.

[00109] The electric components may be boards, the test head support
structure having a plurality of slots that hold the boards.

[00110] The thermal system may include a shell through which the air can
flow and at least one heat dissipation device in the shell, the shell forming an
interface with the panel, with a gap being defined between the shell and the
panel.

[00111] The heat dissipation device may include a plurality of fins over which
the air flows.

[00112] The thermal system may include a fan that moves the air through the
shell.

[00113] The thermal system may include a variable frequency drive to vary
the speed of the fan.
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[00114] The thermal system may include a thermocouple in the test head
portion, and wherein the variable frequency drive varies the speed of the fan in
accordance with a measurement of the thermocouple.

[00115] The thermal system portion and the test head portion may be
mounted for pivotal movement relative to one another.

[00116] The invention may have an apparatus for testing a device having an
integrated circuit, comprising a base portion, a holder for the device mounted
to the base portion, a test head portion and a thermal system portion mounted
to the base portion, a test head mounted to the test head portion, the test head
including a test head support structure, a plurality of electric components
mounted to the test head support structure, and a panel that forms a passage
through which air can flow before flowing over the electric components, and a
thermal system mounted through the thermal system frame to the base portion,
the thermal system including a shell through which the air can flow and at least
one heat dissipation device in the shell, the shell forming an interface with the
panel, with a gap being defined between the shell and the panel.

[00117] The electric components may be boards, the test head support
structure having a plurality of slots that hold the boards, and the thermal
system includes a fan that moves the air through the shell.

[00118] The thermal system portion and the test head portion may be
mounted for pivotal movement relative to one another.

[00119] The invention further provides a method for testing a device having
an integrated circuit including electrically connecting a tester apparatus with
the device; and cooling the tester apparatus with a thermal system without the
thermal system contacting the tester apparatus.

[00120] The test head may include a test head support structure, a plurality of
electric components mounted to the test head support structure, and a panel
that forms a passage through which air can flow before flowing over the
electric components; and the thermal system may be mounted through the
thermal system frame to the base portion, and the thermal system may include

18



WO 2006/116767 PCT/US2006/016659

a shell through which the air can flow and at least one heat dissipation device
in the shell, the shell forming an interface with the panel, with a gap being
defined between the shell and the panel.

[00121] The method may further include moving air through the shell.

[00122] A fan may move air through the shell.

[00123]  Cooling the tester apparatus may include recirculating air from the
thermal system back to the tester apparatus.

[00124] The thermal system may include a fan controllable by a variable speed
drive.

[00125] The thermal system may include a thermocouple connected with the
test system, the thermocouple in communication with the variable speed drive
of the fan.

[00126] The method may further include adjusting the speed of the fan in
accordance with a measurement of the thermocouple.

[00127] Cooling the test system may include controlling the temperature of
the test system.

[00128] The invention may include a tester apparatus, comprising at least one
power terminal for making contact with a power contact of a device carrying an
integrated circuit, a power supply circuit configured to supply a plurality of
different voltages, and at least one electric path connecting the power supply
circuit with the power terminal.

[00129] The apparatus may further comprise an apparatus frame, a holder for
the device mounted to the frame, and a contactor support structure, the power
terminal being located on the contactor support structure.

[00130] The apparatus may further comprise a power board substrate, the
power supply circuit and a portion of the electric path being carried by the
power board substrate.

[00131] The power supply circuit may include a power input circuit providing
a step voltage, a length of time that the step voltage is high during a period
being adjustable while maintaining the period, and a maximum voltage
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constant, and a power converter circuit, connected to the power input circuit,
converting the step voltage to a supply voltage, a magnitude of the supply
voltage being related to the time that the step voltage is high during each
period of the step voltage.

[00132] The apparatus may further comprise a plurality of power terminals,
each for making contact with a respective contact of a respective device
carrying a respective integrated circuit, and a plurality of electric paths, each
connecting the power supply circuit to a respective terminal.

[00133] A plurality of the electric paths may be ata plurality of different
voltage levels.

[00134] An adjustment in a voltage provided by the power supply circuit may
change voltages of a subset of the electric paths in unison, so that the electric
paths of the subset are always at the same voltage.

[00135] The plurality of different voltages may include a voltage output of
0.5V to 12V at a current of at least 200mA.

[00136] The plurality of different voltages may include a voltage output of
0.1V to 5V at a current of at least 500mA.

[00137] The invention further provides a method for testing an integrated
circuit of a device including supplying a plurality of different voltages to at
least one power terminal; and contacting the at least one power terminal with a
power contact of the device.

[00138] Supplying a plurality of different voltages may include providing a
step voltage; and converting the step voltage to a supply voltage.

[00139] The step voltage has a length of time that the step voltage is high
during a period being adjustable while maintaining the period, and wherein the
magnitude of the supply voltage may be related to the time that the step
voltage is high during each period of the step voltage.

[00140] The method may further include supplying a plurality of different
voltages to a plurality of power terminals; and contacting the plurality of
power terminals with a plurality of respective contacts of the device.
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[00141] Supplying a plurality of different voltages to a plurality of power
terminals may include supplying each power terminal with a different voltage
level.

[00142] The method may further include adjusting the supplied voltage.
[00143] Adjusting the supplied voltage may change voltages of a subset of the
power terminals in unison, the subset of power terminals always being at the
same voltage.

[00144] The invention may include an apparatus for testing integrated circuits
of a plurality of devices, comprising a plurality of power terminals, each for
making contact with a respective power contact of a respective one of the
devices, at least one power supply, a plurality of electric paths, each connecting
said at least one power supply to a respective one of the power terminals, and a
plurality of individual shut-off circuits, each including a respective current
sense circuit detecting a respective current in a respective one of the electric
paths, and a respective power switch in a respective one of the electric paths,
each power switch being connected to a respective current sense circuit and
turning off when the current detected by the respective current sense circuit
exceeds a predetermined maximum current.

[00145] Each shut-off circuit may include a logic device that at least delays
activation of the power switch after the current exceeds the predetermined
maximum current.

[00146] The shut-off circuit may include a logic switch that turns a shut-off
voltage on, the shut-off voltage being provided to the power switch to turn the
power switch off,

[00147] The power switch may be a MOSFET.

[00148] The invention may include a method of testing integrated circuits of a
plurality of devices, comprising providing a power voltage to each integrated
circuit, providing signals to each integrated circuit, detecting a power current
that is provided to each integrated circuit, and individually turning the power
voltage to one of the integrated circuits off, if the power current exceeds a
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predetermined maximum current.

[00149] The method may further include delaying turning the power voltage
to the integrated off when the power current exceeds a predetermined
maximum current.

[00150] Turning the power voltage to one of the integrated circuits off may
include turning a shut-off voltage on.

[00151] The method may further include detecting a power current provided
to a power terminal of the device; and turning the power to the device off if the
power current exceeds a predetermined maximum current.

[00152] The method may further include detecting a power voltage provided
to a power terminal of the device; and turning the power to the device off if the
power voltage exceeds a predetermined maximum voltage.

[00153] The invention further provides an apparatus for testing an integrated
circuit of a device including a power supply; a test signal line; and a switching
circuit between the power supply and a terminal for contacting a contact of the
device, the switching circuit drawing current from the terminal when the test
signal is provided to the switching circuit.

[00154] The switching circuit may include a resistor and a MOSFET.

[00155] The resistor may be connected to the power supply, and the MOSFET
is connected in series after the resistor.

[00156] The test signal may be provided to the MOSFET.

[00157] The MOSFET may draw power from the power supply when the test
signal is provided to the switching circuit.

[00158] The invention further provides a method for testing an integrated
circuit of a device include providing a test signal to a switching circuit; and
drawing current from the device to the switching circuit when the switching
current receives the test signal.

[00159] The switching circuit may include a MOSFET, and wherein the test
signal is provided to the MOSFET.

[00160] The invention further provides a method for testing an integrated
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circuit of a device including providing a test signal to a switching circuit;
disabling current to the device; and providing the current to the switching
circuit.

[00161] The switching circuit may include a MOSFET, and wherein the test
signal is provided to the MOSFET.

[00162] The invention may include a tester apparatus, comprising at least one
power terminal for making contact with a power contact of a device carrying an
integrated circuit, a power supply, and an electrical path connecting the power
supply to the power terminal, the electrical path including at least a first set of
power conductors electrically parallel to one another, having respective first
ends connected to one another and respective second ends connected to one
another.

[00163] The tester apparatus may further comprise a power board substrate,
wherein the first set of power conductors is carried by the power board
substrate.

[00164] The first set of power conductors may be traces on the power board
substrate.

[00165] The electrical path may include a second set of power conductors that
are electrically in series with the first set of power conductors, the second set of
power conductors being electrically parallel to one another, having respective
first ends connected to one another and respective second ends connected to
one another.

[00166] The second set of power conductors may form part of a flexible
attachment that further includes a nonconductive layer, the power conductors
being held within the nonconductive layer.

[00167] The invention further provides a method for testing an integrated
circuit of a device including connecting a power supply with a power terminal
of the device; providing a plurality of power conductors between the power
supply and the power terminal conductors having respective first ends
connected to one another and respective second ends connected to one another;
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and conducting current from the power supply through the plurality of power
conductors in parallel.

[00168] Conducting the current in parallel may obtain a high-frequency
response.

[00169] The invention further provides an apparatus for testing an integrated
circuit of a device including a pattern generator board; a driver board
connected to the pattern generator board; a power board; an interconnection
scheme connecting the driver board and the power board with the device.
[00170] Each of the pattern generator board, driver board, power board and
interconnection scheme may be configurable.

[00171] The number of each of the pattern generator board, driver board and
the power board may be configurable.

[00172] The interconnection scheme may include at least a first set of power
conductors electrically parallel to one another, having respective first ends
connected to one another and respective second ends connected to one another.
[00173] The interconnection scheme may further include a second set of
power conductors that are electrically in series with the first set of power
conductors, the second set of power conductors being electrically parallel to
one another, having respective first ends connected to one another and
respective second ends connected to one another.

[00174] The invention may include an apparatus for testing a device carrying
an integrated circuit, comprising a power terminal for making contact with a
power contact of the device, a power supply, an electrical power force path |
connecting the power supply to the power terminal, a ground terminal for
making contact with a grand contact of the device, and a ground sense
feedback circuit connected between the ground terminal and the electrical
power path, the ground sense feedback circuit utilizing a voltage sensed by the
ground terminal to modify a voltage provided through the electrical power
force path to the power contact.

[00175] The apparatus may further comprise a plurality of ground terminals,
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the ground sense feedback circuit being connected to the plurality of ground
terminals.

[00176] The apparatus may further comprise a plurality of power terminals,
each for making contact with a respective power contact of a respective device,
and a plurality of electrical power force paths, each connecting a respective
power terminal to the power supply.

[00177] The ground sense feedback circuit may be connected to the plurality
of electrical power force paths to modify a voltage of each electrical power force
path.

[00178] The power sense feedback circuit may be connected between the
power terminal and the electrical path, the power sense feedback circuit
utilizing a voltage sensed by the power terminal to modify a voltage provided
through the electrical force path to the power contact.

[00179] The power sense feedback circuit may have a reference voltage line,
inputs from the reference voltage line and the power terminals being compared
to determine a modification of the voltage provided through the electrical
power force path.

[00180] A voltage sensed by the ground feedback circuit may be used to
modify a voltage of the reference voltage line.

[00181] The invention may include a method of testing a device having an
integrated circuit, comprising providing a power voltage to a power contact of
the device, sensing a ground voltage on a ground contact of the device, and
modifying the power voltage based on the ground voltage that is sensed.
[00182] The method may further comprise sensing the power voltage
provided to the power contact, and modifying the power voltage based on the
power voltage that is sensed.

[00183] Sensing the ground voltage may include adding the ground voltage to
a variable input voltage.

[00184] Modifying the power voltage may be based on a sum of the ground
voltage and the power voltage.
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[00185] Modifying the power voltage based on the ground voltage that is
sensed may include, if the sensed ground voltage is not zero, driving a variable
output voltage to the sum of the ground voltage and the variable input voltage.
[00186] Modifying the power voltage based on the ground voltage that is
sensed may further include providing the variable output voltage to the power
contact of the device.

[00187] The invention may include an apparatus for testing an integrated
circuit of a device, comprising a voltage source, a voltage switch connected to
the voltage source, a signal source connected to the voltage switch, a signal
provided by the signal source switching the voltage switch so that an output of
the signal switch switches between respective low- and high-voltage states to
create a series of voltage steps, a damping circuit having an input connected to
the output of the signal switch, the damping circuit reducing a slew rate each
voltage step, and having an output providing a series of dampened voltage
steps, and a signal terminal, connected to the output of the damping circuit, for
contacting a contact of the device.

[00188] The apparatus may comprise a plurality of signal terminals, each
connected to the damping circuit but located at different distances from the
damping circuit as measured along a path that current flows from the damping
circuit.

[00189] The damping circuit may include a resistor in series between the
voltage switch and the terminal and a capacitor connected between a terminal
of the resistor and ground.

[00190] The apparatus may further comprise a digital-to-analog converter
(DAC), a microprocessor bus line connected to the DAC for data representing
the high and low voltages into the DAC, the high and low voltages being
provided by two output terminals of the DAC.

[00191] The voltage source may be connected between two input terminals of
the DAC.

[00192] The two input terminals of the DAC may be held at positive and
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negative voltages respectively.

[00193] The apparatus may further comprise a ground sense line connected to
a ground contact of the device, the input voltages of the DAC being in part
driven by a voltage on the ground sense line.

[00194] The invention further provides a method for testing an integrated
circuit of a device including providing a signal to a voltage switch, the voltage
switch switching between respective low- and high-voltage states to create a
series of voltage steps to create a series of voltage steps; reducing a slew rate of
each voltage step to provide a series of dampened voltage steps; and providing
the series of dampened voltage steps to a contact of the device.

[00195] The series of dampened voltage steps may be provided to a plurality
of contacts of the device, each of the contacts at different distances from the
path that current flows.

[00196] The invention further provides a damping circuit for an apparatus for
testing an integrated circuit device including a voltage switch; a signal terminal
for contacting a contact of the device; a resistor in series between the voltage
switch and the signal terminal; and a capacitor connected between a terminal of
the resistor and the signal terminal.

[00197] The damping circuit may further include a plurality of signal
terminals, the capacitor connected between a terminal of the resistor and the
plurality of signa\l terminals, the signal terminals at different distances from the
capacitor as measured along a path that current flows from the capacitor.
[00198] The invention may include an apparatus for testing an integrated
circuit of a device, comprising at least one frame, a holder for the device,
secured to the frame, a support structure held by the frame, a plurality of
terminals held by the support structure, the holder and support structure being
movable relative to one another so that each one of the terminals releasably
makes contact with a respective contact of the device, a power source to supply
AC and DC power, a power electrical path connecting the power source to a
power terminal of the terminals held by the support structure, a signal source, a
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plurality of signal electrical paths, each connecting the signal source to a
respective signal terminal of the terminals held by the support structure, a
ground plate connected to the at least one frame, an AC ground path
interconnecting the terminals and the ground plate, and a DC ground path
interconnecting the terminals and the ground plate.

[00199] The AC ground path and the DC ground path may be electrically
separated.

[00200] The AC ground path may have a resistance between 0.5 and 1.5 ohms
and the DC ground path has a resistance between 0.003 and 0.015 ohms.
[00201] The apparatus may include a ground pin, the ground pin connected to
the power source.

[00202] The physical space between the AC power provision, signal line and
AC power ground may be small. ;

[00203] The DC ground path may be connected to the support structure.
[00204] The invention further provides a method for testing an integrated
circuit of a device including holding the device against a surface of a tester;
contacting terminals on the tester to contacts on the device; providing signals
through the terminals and contacts to the integrated circuit; providing AC and
DC power to the terminals.

[00205] Providing the AC and DC power to the terminals may include
electrically separating the AC and DC power.

[00206] The method may further include providing separate AC ground and
DC ground paths.

[00207] The invention further provides a board for providing power to an
apparatus for testing an integrated circuit of a device including a power source
to supply AC and DC power; a power electrical path to connect the power
source to a power terminal of the device; a ground pin; an AC ground path
interconnecting terminals of the device and the ground pin; and a DC ground
path interconnecting terminals of the device and the ground pin.

[00208] The AC ground path and the DC ground path may be electrically
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separated.

[00209] The AC ground path may have a resistance between 0.5 and 1.5 ohms
and the DC ground path may have a resistance between 0.003 and 0.015 ohms.
[00210] The physical space between the AC power provision, 51gnal line and
AC power ground may be small.

[00211] The board may further include a power board substrate, the power
source, power electrical path, ground pin, and AC and DC ground paths
provided on the power board substrate.

[00212] The invention may include an apparatus for testing an integrated
circuit of a device, comprising at least one frame, a holder for the device,
secured to the frame, a support structure held by the frame, a plurality of
terminals held by the support structure, the holder and support structure being
movable relative to one another so that each one of the terminals releasably
makes contact with a respective contact of the device, a power source, a power
electrical path connecting the power source to a power terminal of the
terminals held by the support structure, a signal source, and a plurality of
signal electrical paths, each connecting the signal source to a respective signal
terminal of the terminals held by the support structure.

[00213] The invention further provides an apparatus for testing an integrated
circuits on devices including a plurality of electrical subassemblies including a
plurality of pattern generator, driver, and power boards divided into physical
zones with each physical zone including one pattern generator board, at least
one driver board, and at least one power board connected to one another; and a
configuration file having information representing flow of current through the
electrical subassemblies connected to one another in an interconnection scheme,
wherein the electrical subassemblies are organized into at least one logical
zone, and wherein the logical zone comprises a plurality of pattern generators.
[00214] The electrical subassemblies may be organized into a plurality of
logical zones, and wherein one or more of the logical zones comprises a
plurality of pattern generators.
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[00215] The at least one logical zone may be divided into a plurality of the
physical zones.

[00216] The configuration file may have a zone name field indicating a
plurality of respective ones of the physical zones.

[00217] Physical zones having the same zone name field may be grouped into
a logical zone.

[00218] The electrical subassemblies in the logical zone may be of the same
type and run the same test program at the same time.

[00219] The electrical subassemblies in each of the plurality of logical zones
may be of the same type and run the same test program at the same time, and
wherein each of the plurality of logical zones runs a different test program at
the same time.

[00220] The invention further provides a method for testing integrated
circuits on devices including running more than one test program On the device
simultaneously.

[00221] Running more than one test program On the device simultaneously
may include providing a plurality of electrical subassemblies including a
plurality of pattern generator, driver, and power boards divided into physical
zones with each physical zone including one pattern generator board, at least
one driver board, and at least one power board connected to one another, the
electrical subassemblies are organized into at least one logical zone, and
wherein the logical zone comprises a plurality of pattern generators; providing
a configuration file having information representing flow of current through
the electrical subassemblies connected to one another in an interconnection
scheme; and running a test program through the at least one logical zone.
[00222] Running more than one test program on the device simultaneously
may include providing a plurality of electrical subassemblies including a
plurality of pattern generator, driver, and power boards divided into physical
zones with each physical zone including one pattern generator board, at least
one driver board, and at least one power board connected to one another, the
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electrical subassemblies are organized into a plurality of logical zones, and
wherein each of the logical zones comprises a plurality of pattern generators;
providing a configuration file having information representing flow of current
through the electrical subassemblies connected to one another in an
interconnection scheme; and running a test program through each of the logical

zones simultaneously.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is further described by way of example with reference to the
accompanying drawings wherein:

[00223] Figure 1 is a perspective view of an apparatus, according to an
embodiment of the invention, which can be used for full-wafer testing
and/or burn-in and/ or built-in self-testing;

[00224] Figure 2 is a view similar to Figure 1 wherein a thermal system
frame portion is rotated approximately 45 degrees counterclockwise;
[00225] Figure 3 is a sectioned perspective view from below illustrating a
replaceable cartridge forming part of the apparatus of Figures 1 and 2;
[00226] Figure 4 is a cross-sectional side view illustratively illustrating a
contactor assembly forming a lower part of the cartridge of Figure 3;
[00227] Figure 5 is a bottom plan view of one interface of contacts on a
distribution board of the contactor assembly of Figure 5;

[00228] Figure 6 is a bottom plan view of the contactor assembly of Figure
5, particularly illustrating a layout of a plurality of interfaces of Figure 5;
[00229] Figure 7 is a cross-sectional side view of a portion of the cartridge
of Figure 3, particularly illustrating an actuator mechanism that is used to
move the contactor assembly relative to a backing plate of a cartridge frame,
and further illustrating a wafer holder that holds a wafer;

[00230] Figure 8 is a view similar to Figure 7, after the wafer holder has

moved the wafer in to a position below terminals of the contactor assembly;
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[00231] Figure 9 is a view similar to Figure 8, after the actuator mechanism
is used to move the terminals into contact with contacts on the wafer;
[00232] Figure 10 is a time chart illustrating a force that is created by a
piston of the actuator mechanism;
[00233] Figure 11 is a cross-sectional side view particularly illustrating one
alignment and locking formation of the cartridge of Figure 3 and one
alignment and locking mechanism secured to an upper portion of a base of a
frame of the apparatus shown in Figures 1 and 2;
[00234] Figure 12 is a view similar to Figure 11, after the alignment and
locking mechanism is used to align the formation, and the formation is
removably engaged with the alignment and locking mechanism;
[00235] Figure 13 is a cross-sectional side view particularly illustrating one
first connector set of the cartridge of Figure 3, one second connector set
secured to a hinge portion of the frame of the apparatus of Figures 1 and 2;
[00236] Figure 14 is partially cross-sectioned side view illustrating a first
connector module forming part of the first connector set of Figure 13;
[00237] Figure 15 is a view similar to Figure 13, after an engager is used to
rotate a spherical inner engagement surface of a first engagement
component forming part of the first connector set over a spherical engager
forming part of a second connector set;

- [00238] Figure 16 is a view similar to Figure 15, after engagement of the
first connector set with the second connector set;
[00239] Figure 17 is a perspective view of the cartridge of Figure 3,
specifically illustrating the layout and configuration of a plurality of first
connector sets of Figure 13;
[00240] Figure 18 is a perspective view from below illustrating a layout of
a plurality of second connector sets of Figure 13;
[00241] Figure 19 is a perspective view of a portion of the apparatus shown
in Figure 2, wherein the thermal system frame portion is rotated
approximately 135 degrees counterclockwise, and a test head frame portion
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is rotated approximately 90 degrees to the right;

[00242] Figure 20 is an end view illustrating in block diagram form the
layout of power, driver, and pattern generator boards when viewed from
the left in Figure 19;

[00243] Figure 21 is a cross-sectional side view parallel to two of the
boards illustrated in Figure 20, further illustrating a thermal system that is
used to cool the boards;

[00244] Figure 22 is a block diagram of components of the apparatus of
Figure 1, further illustrating a computer system of the apparatus, the
computer system holding a configuration file representing a configuration
of a tester system of the apparatus;

[00245] Figure 23 is a flow chart of how the apparatus of Figure 19 is used;
[00246] Figures 24A and 24B show a block diagram illustrating a database
structure of the configuration file;

[00247] Figure 25 is a block diagram of a software assembler application
that is used to construct the configuration file from a plurality of net files;
[00248] Figure 26 is a flowchart of how the software assembler application
of Figure 22 assembles the configuration file;

[00249]  Figure 27 is a block diagram of electrical components of the
apparatus of Figure 1;

[00250] Figure 28 is a block diagram of components of a power board
illustrated in Figures 22 and 27, and connections made to the power board;
[00251] Figure 29 is a circuit diagram illustrating components that are
replicated on the power board of Figure 28;

[00252]  Figure 30 is a circuit diagram illustrating components that are
replicated on a driver board illustrated in Figures 22 and 27; and

[00253] Figure 31 is a circuit diagram illustrating a termination that is used

in conventional design for purposes of damping a test signal.
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DETAILED DESCRIPTION OF THE INVENTION

[00254] Figures 1 and 2 of the accompanying drawings illustrate an
apparatus 10, which is particularly suitable for full-wafer testing of
microelectronic circuits of unsingulated wafers and/or burn-in testing of
unsingulated wafers and/or built-in self-testing of unsingulated wafers.
The apparatus 10 includes a frame 12 and a number of modules mounted to
the frame 12 including a wafer loader 14, a probing subassembly 16, a
cartridge 18, a test head 20, and a thermal system 24.

[00255] The frame 12 has a prober base portion 26, a thermal system frame
portion 28, and a test head frame portion 30. The thermal system frame
portion 28 is pivotally mounted to the prober base portion 26. The test head
frame portion 30 is pivotally mounted to the thermal system frame portion
28. The probing subassembly 16 and the cartridge 18 are mounted to lower
and upper portions 32 and 34 respectively of the prober base portion 26, the
test head 20 and the thermal system 24 are mounted to the test head frame
portion 30 and the thermal system frame portion 28 respectively.

[00256] The thermal system frame portion 28 can, for example, be pivoted
between a position as shown in Figure 1 wherein the thermal system frame
portion 28 is over the prober base portion 26, and a position as shown in
Figure 2 wherein the pivot arm portion is pivoted approximately 45 degrees
counterclockwise to the left. Pivoting of the thermal system frame portion
28 into the position shown in Figure 2 moves the test head 20 away from the
cartridge 18. Access is thereby gained to the cartridge 18 for purposes of
maintenance to or replacement of the cartridge 18.

[00257] As illustrated in Figure 3, the cartridge 18 includes a cartridge
frame 38, alignment pins 40 for aligning and locking the cartridge frame 38
in a fixed position, a contactor assembly 42, a plurality of first connector sets
44, and a plurality of flexible attachments 46 connecting the contactor

assembly 42 to the first connector sets 44.
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[00258] As shown in Figure 4, the contactor assembly 42 includes a
distribution board 48, a contactor board 50 and fasteners 52 that secure the
contactor board 50 to the distribution board 48.

[00259] Distribution board 48 has a force distribution substrate 55, a
thermal expansion equalization substrate 57, and an electrical distribution
substrate 54, a plurality of terminals 56 formed on the electrical distribution
substrate 54, a plurality of contacts 58 formed on the electrical distribution
substrate 54, and a plurality of conductors 60 carried within the electrical
distribution substrate 54. The terminals 56 and the contacts 58 are formed
on the same side but on different areas of the electrical distribution substrate
54. Each conductor 60 interconnects a respective one of the terminals 56
with a respective one of the contacts 58.

[00260] The contactor board 50 includes a contactor substrate 62 having
first and second pieces 64 and 66, a collar 67, and a plurality of pins 68. One
end of each pin 68 is inserted through an opening in the first piece 64, and
then inserted through an opening in the second piece 66. Each pin 68 has a
central body that is larger than its ends so that it is held in place by the
opening in the second piece 66. The collar 67 is used to align the first and
second pieces 64 and 66 relative to one another. One end of each pin 68
forms a contact 70 that is placed against a respective terminal 56 of the
distribution board 48. An opposing end of each pin 68 forms a terminal 72
that can touch a contact 74 on a wafer 76. The fasteners 52 may, for
example, be bolts, each having a shank that is inserted though an opening in
the contactor substrate 62, and thread on the shank is then screwed into a
threaded opening in the electrical distribution substrate 54. The electrical
distribution substrate 54, the contactor substrate 62, force distribution
substrate 55, expansion equalization substrate 57, and the fasteners 52 jointly
form a support structure 80 with the terminals 72 extending from the
support structure 80. The pins 68, terminals 56, conductors 60, and contacts
58 form conductive links to and from the terminals 72.
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[00261] Each one of the flexible attachments 46 has a flexible
nonconductive outer layer 82, a plurality of conductors 84 held within the
outer layer 82 and separated from one another by the material of the outer
layer 82, a plurality of open terminals 86 at ends of the respective
conductors 84, and a plurality of electrically conductive bumps 88, each on a
respective one of the terminals 86. Each one of the conductive bumps 88 is
placed against a respective one of the contacts 58 of the distribution board
48. A clamp piece 90 is placed over an end of the flexible attachment 46.
Fasteners 9 are used to secure the clamp piece 90 to the electrical
distribution substrate 54 and provide a force that clamps the end of the
flexible attachment 46 between the clamp piece 90 and the electrical
distribution substrate 54.

[00262] As further shown in Figure 5, the contacts 58 form an interface 92.
The interface 92 has two parallel rows of the contacts 58. Two of the
contacts 58g are ground contacts that extend from one of the rows to the
other and are located at opposing ends of the rows. Threaded openings 94
are formed on opposing ends of the interface 92 into the electrical
distribution substrate 54. Each one of fasteners 91 in Figure 4 has a
respective head and a respective threaded shank extending from the head.
The head rests on the clamp piece 90 and the shank is screwed into one of
the threaded openings 94 in Figure 5. A compliant member 93 is located
between the clamp piece 90 and the flexible nonconductive outer layer 82 to
distribute a force created by the clamp piece 90 to ensure uniform contact by
the electrically conductive bumps 88.

[00263] Referring to Figure 6, the electrical distribution substrate 54 is
square and has a periphery formed by four sides 98. The contactor substrate
62 has a circular periphery 100 within the four sides 98. A plurality of
interfaces 92 such as the interface 92 of Figure 5 are provided on an area of
the electrical distribution substrate 54 outside the circular periphery 100.
The locations and orientations of the interfaces 92 are selected to provide a
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relatively dense configuration. The combined length of all the interfaces 92
is more than the length of the circular periphery 100. The combined length
of the interfaces 92 is also more than the combined length of the sides 98.
The interfaces 92 in each respective quarter 102, 104, 106 and 108 are all
aligned in the same direction.

[00264] The interfaces 92 of the juxtaposed quarters 102 and 106 are each at
an angle 110 of 45 degrees relative to a centerline 112 through the
distribution substrate 94. The interfaces of the juxtaposed quarters 104 and
108 are each at an angle 114 of 135 degrees relative to the centerline 112 as
measured in the same direction as the angle 110.

[00265] Each one of the quarters 102, 104, 106 or 108 has ten of the
interfaces 92A to 92]. The interfaces 92C, 92D, and 92E are parallel to one
another but at different distances from a center point 116 of the contactor
substrate 62. The interfaces 92F, 92G, and 92H are parallel to one another
but at different distances from the center point 116. The interfaces 92C and
92F are in line with one another, as are the interfaces 92D and 92G and the
interfaces 92F and 92H. The interfaces 92B and 921 are in line with one
another but form a row that is closer to the center point 116 than the row
formed by the interfaces 92C and 92F. The interfaces 92B and 921 are also
spaced further from one another than the interfaces 92C and 92F. The
interfaces 92A and 92] also form a row that is closer to the center point 116
than the row formed by the interfaces 92B and 921.

[00266] Each one of the quarters 102, 104, 106, and 108 has an arrangement
of ten of the interfaces 92 that is similar to the arrangement of interfaces 92A
to 92]. The arrangement is rotated through 90 degrees about the center
point 116 when moving from the quarter 108 to the quarter 102. Similarly,
the arrangement is rotated through another 90 degrees when moving from
the quarter 102 to the quarter 104, etc.

[00267] A respective flexible attachment 46 is connected to each respective
one of the interfaces 92. The arrangement of the interfaces 92 allows for
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“fanning-in” or “fanning-out” of a large number of electrical paths to or
from a relatively dense arrangement of the terminals 72 of the contactor
board 50.

[00268] Referring again to Figure 3, the cartridge frame 38 includes a lower
backing plate 120, upper support pieces 122, and connecting pieces 124 that
mount the upper support pieces 122 to the backing plate 120. The cartridge
18 further includes an actuator mechanism 126 for moving the contactor
assembly 42 relatively with respect to the cartridge frame 38, and a travel
sensor 128,

[00269] Figure 7 illustrates the actuator mechanism 126, travel sensor 128,
and a wafer holder 130 holding a wafer 76. A cylinder 132 is manufactured
in the backing plate 120. The cylinder 132 has an outer surface 134 and an
upper surface 138. A ring-shaped sliding piston 140 is inserted into the
cylinder 132. A lower surface of the piston 140 is attached to the support
structure 80. A fixed ring-shaped piston 136 is inserted into the center of the
piston 140. An upper surface of the fixed ring-shaped piston 136 is attached
to the backing plate 120. The support structure 80 is thus connected through
the piston 140, fixed ring-shaped piston 136, and cylinder 132 of the actuator
mechanism 126 to the backing plate 120. By locating the actuator
mechanism 126 between the backing plate 120 and the support structure 80,
the actuator mechanism 126 can move the contactor assembly 42 relatively
with respect to the backing plate 120. A fluid passage 142 is manufactured
in the backing plate 120. The fluid passage 142 extends from an external
surface of the backing plate 120 to a location above an upper surface of the
piston 140. A fluid line 144 is connected to the fluid passage 142.
Pressurized air or a vacuum pressure can be provided through the fluid line
144 and fluid passage 142 to an upper surface of the piston 140.

[00270] The travel sensor 128 has an outer portion 146 attached to the
support structure 80, and an inner portion 148 attached to the backing plate
120. Relative movement between the outer portion 146 and the inner
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portion 148 results in a change of inductance (or capacitance) between the
outer portion 146 and the inner portion 148. The inductance (or capacitance)
can be measured to provide an indication of how far the outer portion 146
travels with respect to the inner portion 148. The outer portion 146 fits
within a circular opening in the backing plate, and the outer portion 146
additionally serves as a guide for movement of the contactor assembly 42
relative to the backing plate 120.

[00271] The wafer holder 130 forms part of the probing subassembly 16
illustrated in Figures 1 and 2. The wafer holder 130 is mounted for
movement in horizontal x- and y-directions and movement in a vertical z-
direction to the prober base portion 26 of Figures 1 and 2.

[00272] As illustrated in Figure 8, the wafer holder 130 with the wafer 76
thereon is moved in x- and y-directions until the wafer 76 is directly below
the contactor board 50. The wafer holder 130 is then moved vertically
upwardly in a z-direction towards the contactor board 50. Each one of the
terminals 72 is aligned with a respective one of the contacts on the wafer 76.
The terminals 72, however, do not at this stage touch the contacts on the
wafer 76.

[00273] As shown in Figure 9, the actuator méchanism 126 is used to bring
the terminals 72 into contact with the contacts on the wafer 76. Pressurized
air is provided though the fluid line 144 and the fluid passage 142 into a
volume defined by the surfaces 134 and 138 of the cylinder 132, an outer
surface of the fixed ring-shaped piston 136, and an upper surface of the
piston 140. The pressurized air acts on the upper surface of the piston 140 so
that the piston 140 is moved downward relative to the backing plate 120.
The piston 140 also moves the contactor assembly 42 downward until the
terminals 72 come into contact with the contacts on the wafer 76. The
terminals 72 are resiliently depressible against spring forces of the pins that
they form part of. The spring forces jointly serve to counteract a force
created by the pressure on the piston 140.
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[00274] Figure 10 shows the force that is created by the piston 140. No
force acts on the terminals in Figures 7 and 8. In Figure 9, the force is
increased from zero to a predetermined force. This predetermined force can
be calculated by multiplying the pressure and the area of the upper surface
of the piston 140. The forces created by the terminals 72 are highly
controllable because the pressure is highly controllable. The predetermined
maximum force can easily be modified from one application to another.
When the forces are applied by the terminals 72, electric signals, power, and
ground are provided through the terminals 72 to and from the wafer 76.
Integrated circuits on the wafer 76 are thereby tested. Once testing is
completed, the pressure is relieved so that the forces exercised by the
terminals 72 are again reduced to zero. A negative pressure is then applied,
which moves the contactor assembly 42 away from the wafer 76 into the
position shown in Figure 8. The wafer 76 is then removed by the wafer
holder 130 and the wafer 76 is replaced with another wafer on the wafer
holder 130.

[00275] It will be appreciated that the order and speed of moving the wafer
holder 130 relative to the contactor board 50 actuating the actuator
mechanism 126 to bring the terminals 72 into contact with the contacts of the
wafer 76 can be varied. Differing contact algorithms can be used to move
the wafer holder 130 and actuate the actuator mechanism 126 to achieve
optimal contact (e.g., good electfical contact, least pad damage, etc.) for
different types of wafers.

[00276] The travel sensor 128 allows the pressure of the piston 140 to be set
so that the piston 140 is roughly in the middle of its stroke when it contacts
the wafer 76. Wafers having differing contactor technologies and/ or
number of contact points may be used with the apparatus 10. Different
contact technologies often require a different force per pin to ensure wafer
contact, and may also have different contactor heights. A different total
force may be required to be applied to the contactor to make good contact
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with the wafer 76. The travel sensor 128 can be used to measure the distance
the piston 140 has extended the contactor towards the wafer 76 under test,
Thus, wafers having these varying types of contactors can be tested using
the same apparatus 10.

[00277] Figure 11 illustrates an alignment and locking mechanism 152
mounted to the upper portion 34 of the frame 12 in Figures 1 and 2, and one
of the alignment pins 40 mounted to the cartridge frame 38,

[00278] The alignment and locking mechanism 152 includes an outer
sleeve 154, an alignment piece 156, a piston 158, a fluid line 160, and a
locking actuator 162.

[00279] The alignment piece 156 has an alignment opening 164 formed
therein. The alignment opening 164 has a conical shape so that an upper
horizontal cross-section thereof is larger than a lower cross-section thereof.
The alignment piece 156 is mounted to an upper end of the outer sleeve 154
and extends downwardly into the outer sleeve 154.

[00280] The piston 158 is located within a lower portion of the outer sleeve
154 and can slide up and down within the outer sleeve 154. A cavity 166 is
defined within the outer sleeve 154 and by a lower surface of the piston 158.
The fluid line 160 is connected to the cavity 166. Positive and negative
pressure can be provided through the fluid line 160 to the cavity 166.
Positive pressure causes upward movement of the piston 158, and negative
pressure causes the piston 158 to move down.

[00281] The locking actuator 162 has a plurality of spherical locking
members 168 and a locking actuator 170. The locking actuator 170 is
mounted to the piston 158 so that it can move vertically up and down
together with the piston 158. The locking actuator 170 has an internal
surface 172 that makes contact with the spherical locking members 168. The
surface 172 is conical so that movement of the locking actuator 170 between
raised and lowered positions causes corresponding movement of the
spherical locking members 168 toward and away from one another.
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[00282] The formation 40 includes a positioning pin 174 with a recessed
formation 176 formed at a location distant from an end of the positioning
pin 174. The cartridge frame 38 is moved so that the positioning pin 174 is
roughly located over the alignment opening 164. When the cartridge frame
38 is lowered into the position shown in Figure 11, an end of the slightly
misaligned positioning pin 174 can slide on a surface of the alignment
opening 164 so that a center line of the positioning pin 174 moves towards a
center line of the alignment opening 164. The piston 158 and the locking
actuator 162 are in a lowered position to allow for movement of a larger end
of the positioning pin 174 through an opening defined by the spherical
locking members 168.

[00283] Figure 12 illustrates the components of Figure 11 after the
formation 40 is lowered all the way and engaged with the alignment and
locking mechanism 152. A conical surface on the formation 40 contacts the
conical surface of the alignment opening 164, thereby further promoting
correct alignment of the center lines of the positioning pin 174 and the
alignment opening 164. The recessed formation 176 on the positioning pin
174 is now at the same elevation as the spherical locking members 168. The
piston 158 and the locking actuator 170 are elevated so that the spherical
locking members 168 engage with the recessed formation 176. The
positioning pin 174 is thereby engaged with the spherical locking members
168 of the alignment and locking mechanism 152.

[00284] The positioning pin 174 can be released from the alignment and
locking mechanism 152 by first lowering the piston 158 so that the spherical
locking members 168 disengage from the recessed formation 176, and then
lifting the cartridge frame 38 together with the positioning pin 174 out of the
alignment opening 164. It may from time to time be required that a
cartridge 18 be temporarily removed for purposes of maintenance or
reconfiguration, or be replaced with another cartridge. The formation 40
and the alignment and locking mechanism 152 allow for quick removal and
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replacement of cartridges.

[00285] Figure 3 illustrates one and a piece of the alignment pins 40. Only
piece of the cartridge 18 is illustrated in Figure 3 and the entire cartridge is
in fact symmetrical about the section through one of the alignment pins 40.
The other piece of the sectioned formation 40 and another one of the
formations are not shown. There are thus a total of three of the alignment
pins 40 respectively at corners of a triangle. Each one of the alignment pins
40 engages with a corresponding alignment and locking mechanism 152.
The three alignment and locking mechanisms 152 are all simultaneously and
remotely actuable from a common pressure source connected to
corresponding fluid lines 160, to cause simultaneous engagement or
disengagement of all three locking alignment pins 40.

[00286] As previously mentioned, with reference to Figures 1 and 2, the
test head 20 can be moved to the position shown in Figure 2 for purposes of
maintenance to the cartridge 18. The cartridge 18 can also be replaced as
discussed with reference to Figures 11 and 12. Following maintenance
and/or replacement of the cartridge 18, the test head 20 is pivoted onto the
cartridge into the position shown in Figure 1.

[00287] Figure 13 illustrates portions of the test head and cartridge 18 after
the test head 20 is moved down onto the cartridge 18, i.e., from the position
shown in Figure 2 into the position shown in Figure 1. The test head 20 has
a second connector set 180 and an engager 182 mounted to the test head
frame portion 30 of the frame 12 of Figure 1. The second connector set 180 is
initially disengaged from one of the first connector sets 44 of the cartridge
18.

[00288] The first connector set 44 includes a connector block support piece
184, a first connector module 186, and a first engagement component 188.
[00289] The first connector module 186 includes a first connector block 190
and a plurality of septa 192. The septa 192 are held in a side-by-side
relationship by the first connector block 190. Figure 14 illustrates one of the
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septa 192 in more detail. A plurality of conductors is formed behind one
another into the paper against each septum 192. Each conductor includes a
terminal 196 at a lower edge of the septum 192, a contact 198 at an upper
edge of the septum 192, and an electrically conductive lead 200
interconnecting the terminal 196 with the contact 198.

[00290] Referring again to Figure 13, a number of the flexible attachments
46 are attached through respective connectors 202 to the terminals 196 of
Figure 14. The septa 192 provide for a dense arrangement of the terminals
196 and contacts 198 held by the first connector block 190.

[00291] The first connector module 186 is inserted into the connector block
support piece 184 with the first connector block 190 contacting an inner
portion of the connector block support piece 184. The first connector
module 186 is then secured to the connector block support piece 184 by
releasable means so as to again allow for removal of the first connector
module 186 from the connector block support piece 184.

[00292] The first engagement component 188 has inner and outer portions
204 and 206 respectively. The inner portion 204 is mounted to an outer
portion of the connector block support piece 184 for pivotal movement
about a horizontal axis 208. A spring 210 biases the first engagement
component 188 in a counter-clockwise direction 212. The outer portion 206
has a spherical inner engagement surface 214 and a groove 216 as formed
into the engagement surface 214.

[00293] A slider pin 218 is secured to and extends vertically upwardly
from one of the upper support pieces 122 of the cartridge frame 38. A
complementary slider opening 220 is formed vertically through the
connector block support piece 184. The slider opening 220 is positioned
over the slider pin 218, and the first connector set 44 is moved down until
the connector block support piece 184 rests on the upper support piece 122.
The first connector set 44 is thereby held by the slider pin 218 of the
cartridge frame 38 and prevented from movement in horizontal x- and y-
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directions. The first connector set 44 can still be removed from the cartridge
frame 38 by lifting the first connector set 44 out of the slider pin 218, for
purposes of maintenance or reconfiguration.

[00294] The second connector set 180 includes a subframe 222, a second
connector module 224, a cylinder 226, a piston 228, a rod 230, a spherical
engager 232, a connecting piece 234, and first and second supply lines 236
and 238 respectively.

[00295] The subframe 222 is mounted to the test head frame portion 30.
The second connector set 180 is mounted through the subframe 222 to the
test head frame portion 30. The second connector set 180 has a second
connector block 240 and a plurality of printed circuit boards 242 mounted in
a side-by-side relationship to the second connector block 240. Each one of
the printed circuit boards 242 has a respective substrate, terminals on a
lower edge of the substrate, contacts at an upper edge of the substrate, and
electrically conductive traces, each connecting a respective terminal with a
respective contact. The second connector block 240 is releasably held within
the subframe 222 and secured to the subframe 222 with releasable means.
[00296] The cylinder 226 is secured to the subframe 222. The piston 228 is
located within the cylinder 226 and is movable in vertically upward and
downward directions within the cylinder 226. First and second cavities are
defined within the cylinder 226 respectively above and below the piston 228,
and the first and second supply lines 236 and 238 are connected to the first
and second cavities, respectively.

[00297] An upper end of the rod 230 is secured to a piston 228. The rod
230 extends downwardly from the piston 228 through an opening in a base
of the cylinder 226. The spherical engager 232 is secured via the connecting
piece 234 to a lower end of the rod 230. The connecting piece 234 has a
smaller diameter than either the rod 230 or the spherical engager 232,
[00298] The engager 182 includes a plate 246 that is mounted to the
subframe 222 for pivotal movement about a horizontal axis 248, an actuator
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assembly 201, and a link mechanism 252 connecting the plate 246 to the
actuator assembly 201. The actuator assembly 201 includes an actuator 250,
a connecting rod 253, an actuator pivot 251, and a rod pivot 255.

[00299] As previously mentioned, the second connector set 180 is initially
disengaged from the first connector set 44. The second connector module
224 is thus disengaged from the first connector module 186 and the spherical
engager 232 is also disengaged from the first engagement component 188.
Pressurized air is provided through the first supply line 236 while air is
vented from the second supply line 238, so that the piston 228 moves in a
downward direction within the cylinder 226. Downward movement of the
piston 228 extends the rod 230 further out of the cylinder 226 and moves the
spherical engager 232 closer to the cartridge 18.

[00300] As illustrated in Figure 15, the actuator assembly 201 is operated
so that the link mechanism 252 moves the plate 246 in a counterclockwise
direction 254. The plate 246 comes into contact with an outer surface 256 of
the first engagement component 188. Further movement of the plate 246
rotates the first engagement component 188 in a clockwise direction 258 and
in a camming action. A fork defined by the groove 216 moves over the
connecting piece 234, and the engagement surface 214 moves into a position
over at the spherical engager 232.

[00301] As illustrated in Figure 16, pressurized air is provided through the
second supply line 238, and air is vented through the first supply line 236 so
that the piston 228 moves in a vertically upward direction. The rod 230
retracts in an upward direction into the cylinder 226. An upper surface of
the spherical engager 232 engages with the engagement surface 214 and
moves the first engagement component 188 towards the cylinder 226. The
first connector set 44 lifts off the upper support piece 122 of the cartridge
frame 38, and the connector block support piece 184 slides up the slider pin
218.

[00302] The pressurized air provided through the second supply line 238
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also creates a force that is sufficiently large to overcome an insertion force
required to mate the first connector module 186 with the second connector
module 224. Each one of the septa 192 enters into a gap between two of the
printed circuit boards 242. Gaps between the contacts 198 on the septa 192
and the gaps between the printed circuit boards 242 are sufficiently small so
that an interference fit is required to insert the septa 192 between the printed
circuit boards 242. Once the insertion force is overcome and the septa 192
are located between the printed circuit boards 242, each one of the contacts
198 is located against a corresponding terminal on a lower edge of one of the
printed circuit boards 242.

[00303] The pressurized air provided through the second supply line 238
can be removed after the first and second connector modules 186 and 224
are mated. The first and second connector modules 186 and 224 can be
disengaged from one another by providing pressurized air through the first
supply line 236 so that the first connector set 44 moves into the position as
shown in Figure 15. The actuator assembly 201 is then operated and the
plate 246 moves into the position shown in Figure 13. The spring 210 biases
the first engagement component 188 in the counterclockwise direction 212
away from the spherical engager 232. The rod 230 is then typically again
retracted into the cylinder 226.

[00304] Asillustrated in Figure 17, cartridge 38 has four of the upper
support pieces 122, and a respective pair of the upper support pieces 122
carries a respective column of the first connector sets 44. The columns are
located next to one another so that a respective pair of the first connector
sets 44 is in a respective row. There can be a total of 16 rows in each of the
two columns, thus potentially forming an array of 32 of the first connector
sets 44.

[00305] Each one of the first connector sets 44 is symmetrical on the left
and the right. The connector block support piece 184 entirely surrounds the
first connector module 186, and two slider openings (220 in Figure 13) are
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provided at opposing ends of the connector block support piece 184. Slider
pins 218 are provided on all four of the upper support pieces 122, and each
respective connector block support piece 184 has two slider openings 220
respectively located over two of the slider pins 218.

[00306] As shown in Figure 18, an array of second connector modules 224
is provided, matching the array of first connector modules 186 of Figure 17.
Two spherical engagers 232 are located on opposing sides of each one of the
second connector modules 224. In use, a respective pair of spherical
engagers 232 is used to engage one of the first connector modules 186 with
one of the second connector modules 224 independently of the other
connector modules. One of the first connector modules 186 is engaged with
one of the second connector modules 224, where after another one of the
first connector modules 186 is engaged with another one of the second
connector modules 224, etc. By staggering the engagement of a respective
tirst connector module 186 with a respective second connector module 224,
forces on the subframe 222 and other pieces of the frame 12 of Figure 1 can
be kept within their design parameters.

[00307] Each one of the plates 246 is located adjacent a plurality of the
spherical engagers 232. Movement of a respective one of the plates 246
causes the respective plate 246 to contact an simultaneously pivot a plurality
of the first engagement components 188 of Figure 13 over a plurality of
respective ones of the spherical engagers 232.

[00308] Referring to Figures 18 and 19 in combination, each one of the
second connector modules 224 is mounted to respective pattern generator,
driver, and power boards, 260, 262, and 264 respectively, each residing in a
respective slot of a base structure 266. As specifically shown in Figure 19,
access can be gained to the boards 260, 262, and 264 by rotating the thermal
system frame portion 28 together with the test head frame portion 30 an
additional 135 degrees counterclockwise to the left when compared to
Figure 2, and then rotating the test head frame portion 30 relative to the
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thermal system frame portion 28 90 degrees clockwise to the right. The
thermal system 24 is then positioned on the ground and the test head 20 in a
vertical orientation. The boards 260, 262, and 264 are all accessible from the
left within the test head 20 because the test head 20 and the thermal system
24 have been separated from one another. The boards 260, 262, and 264 that
reside in the slots of the base structure 266 are then removable, replaceable,
and other boards can be added, for purposes of reconfiguration.

[00309] ~ Each one of the slots can only carry one particular type of board
260, 262, or 264. The base structure 266 is configurable so that slots are
configurable to allow for more or fewer of a particular board, or to modify
the locations of particular boards. Once the slots are inserted, they are
typically not replaced over the life of the apparatus 10. The number of
boards 260, 262, and 264 that are used can still be configured from one
application to the next. Figure 20 illustrates an example of a layout of slots
in the test head 20. The particular layout of slots of Figure 20 allows for the
use of two pattern generator boards 260, one on the left and one on the
right; six driver boards 262, three on the left and three on the right; and 24
power boards 264, twelve on the left and twelve on the right.

[00310] After the boards 260, 262, and 264 are inserted into the slots as
discussed with reference to Figures 19 and 20, the apparatus is first moved
into the configuration illustrated in Figure 2 with the thermal system 24
above the test head 20, and then into the configuration illustrated in Figure
1, with the components of the test head 20 electrically connected to the
components of the cartridge 18 in Figure 2.

[00311] Referring specifically to Figure 1, what should be noted is that the
thermal system 24 does not rest on the test head 20. Any vibrations caused
by components of the thermal system 24 can thus not be directly transferred
to the test head 20. The test head 20 and the thermal system 24 are held in
the relative orientation shown in Figure 1 with the thermal system 24 above
the test head 20 by the thermal system frame portion 28 and the test head
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frame portion 30, respectively, of the frame 12. The frame 12 is relatively
heavy and has a rigid construction, and effectively dampens any vibrations
created by components of the thermal system 24, The vibrations
substantially do not reach the components of the test head 20.

[00312] Figure 21 illustrates how the thermal system 24 cools components
of the test head 20. Figure 21 is a partial cross-sectional view parallel to a
plane of one of the boards 260, 262, and 264 of Figure 20, and shows one of
the driver boards 262 and one of the power boards 264 inserted into their
respective slots of the base structure 266 of the test head 20. The test head 20
further has two manifold panels 268 mounted on opposing sides and at
upper portions of the base structure 266. The base structure 266 has
openings between the slots that allow for air to flow from the manifold
panels 268 inward to the boards 262 and 264, and then from the boards 262
and 264 to an upper end exhaust 270.

[00313] The thermal system 24 includes an outer shell 272, four
recirculation fans 274 (only two of the recirculation fans 274 are shown in
Figure 21; the other two recirculation fans are located behind the
recirculation fans 274 that are shown in Figure 21), and two heat exchangers
276. The air leaving the upper end exhaust 270 is sucked through the
recirculation fans 274 into the outer shell 272. Recirculation fans 274 then
force the air through the heat exchangers 276, whereafter the air enters
through upper end inlets 278 defined by the manifold panels 268. By
recirculating the air, heat convects from the boards 262 and 264 to the heat
exchangers 276. As is commonly known, each heat exchanger 276 includes a
plurality of fins 280 and tubing 282 connecting the fins 280 to one another.
A cooling fluid such as liquid water is pumped through the tubing 282. The
heat convects to the fins 280. The heat conducts from the fins 280 to the
tubing 282. The heat then convects from the tubing 282 to the water and is
pumped away.

[00314] What should be noted is that there is no physical contact between
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any components of the thermal system 24 and any components of the test
head 20. Only a small gap 284 is defined between the outer shell 272 and the
manifold panel 268. A seal is typically located in the gap 284, and is made of
a compliant material so that any vibrations transferred by the fan 274 to the
outer shell 272 do not transfer to the manifold panels 268. Guide panels 286
form part of the thermal system 24, and serve to prevent the air from
entering the test head 20 before first passing through the fans 274 and the
heat exchangers 276.

[00315] Figure 22 illustrates software and hardware components of the
apparatus 10 of Figure 1 that cooperate and that are matched to one another
for fanning-out and fanning-in of electric signals, power, and ground.
Zones are defined, wherein each zone includes one pattern generator board
260, one or more driver boards 262, and one or more power boards 264
connected to one another. Each board 260, 262, and 264 has a number of
resources or channels. In particular, a driver board 262 has a number of
input/output channels, and the power board 264 has a number of power
channels. The number of boards 260, 262, and 264 and the way that they are
connected to one another are configurable, depending on the requirements
of integrated circuits of devices 300 and the layout of the devices 300 of the
wafer 76.

[00316] An intercormection scheme 302 connects the driver and power
boards 262 and 264 to contacts on the devices 300. The interconnection
scheme 302 includes the electrical paths formed by conductors within the
cartridge 18 of Figure 3. The interconnection scheme 302 is also
configurable, as will be appreciated from the foregoing description of the
cartridge 18. The boards 260, 262, and 264 and the interconnection scheme
302 are hereinafter jointly referred to as a tester system 304.

[00317] A local controller 306 is used to provide test instructions to the
tester system 304 and is then used to upload and process test results from
the tester system 304. The local controller 306 has memory and, stored in
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the memory, are a test program 308, a configuration file 310, a test
application 312, a test results file 314, a processing application 316, and a test
report 318.

[00318] Reference should now be made to Figures 22 and 23 in
combination. The test program 308 has a series of instructions written by a
test programmer to test one of the devices 300 (step 400). The following is
an extract of such a program:

[00319] setdps (“v NORMAL 17, “Vee”,3.0V,0.0V,11.0 V)

[00320] setdps ( “v NORMAL 17, “Ved”, 4V, 0.0 V, 11.0 V);

[00321] setsps ( “v NORMAL 1”7, “Vio”, 0V, 3.3 V)

[00322] setsps ( “v NORMAL 17, “Vclk”, 0V, 3.3 V);

[00323] setsps ( “v NORMAL 17, “Ves”,0V,3.3 V);

[00324] setpps (“v NORMAL 1”7, “Term 1”7, 1.0 )

[00325] settps (“v NORMAL 17, “Term 2”, 1.0 );

[00326] setthps (“v NORMAL 17, “CompH”, 1.5);

[00327] setthps (“v NORMAL 17, “CompL”, 0.9).

[00328] The test application 312 utilizes both of the test program 308 and
data from the configuration file 310 and data from the test results file 314 to
provide instructions to the boards 260, 262, and 264 (step 402). The boards
260, 262, and 264 then provide electric signals, power, or ground through
respective conductors of the interconnection scheme 302 (step 404). The
configuration file 310 has data representing a relationship between the
channels of the boards 260, 262, and 264 and the contacts of the devices 300.
The configuration file 310 will be different from one configuration assembly
to another configuration assembly of the tester system 304. The
configuration file 310 thus represents how the instructions of the test
program 308 are fanned out through the tester system 304 to the devices
300. Each device 300 is tested with the same test program 308 (step 406),
although the voltage and signal levels may be modified based upon the test

result file 314.
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[00329] The following table is an extract of the configuration file 310 with

field names listed at the top of each column:

el = el mels Z
2El58| Ze |oB|=2B|2E|Z 5|00 22|24
Sgag 2 é%mgé 55285 S IEEIEEE

U @) o O

2 29 HVOL 1 1 0 5116|] D CE 0 0 0
2 22 DRV_CS -1 -1 0 1120 D OE |CS 0| 0 0
1 6 DRV_CS -1 -1 0 37115 D OE |CS 0| 0 0
1 6 |DRV_UCLK| -1 -1 0 35|15 D DQ1}| A0 0 0
2 22 |DRV_UCLK]| -1 -1 0 71201 D DQ1]1 A0 0 0
2 22 |DRV_UCLK/| -1 -1 1 201251 D DQ1| B 1 0 0
2 22 DRV_IO -1 -1 1 2121 D DQ7 |I/0_1] 0 0
1 6 |DRV_UCLK| -1 -1 1 15110 D DQ1 ]| B 1 0 0
2 22 DRV_CS -1 -1 1 31211 D OE |C51| 0 0
1 6 DRV_CS -1 -1 1 321141 D OE |CS1| 0 0
1 6 [DRV_UCLK| -1 -1 1 151 2 D DQ1| B_1 0 0
1 6 |DRV_UCLK]| -1 -1 1 17114 D DQ1{ B_1 0 0
1 6 DRV_IO -1 -1 1 37113 D DQ7 [I/O_1f 0 0
1 6 DRV_CS -1 -1 1 28| 6 D OE |CS1] 0 0
1 6 |DRV_UCIK]| -1 -1 1 16114] D DQ1| B 1 0 0
2 22 |DRV_UCLK| -1 -1 1 6 |25| D DQ1| A1 0 0
2 22 DRV_CS -1 -1 1 10]17| D OE (CS 1] 0 0
2 22 DRV_CS -1 -1 1 11121 D OE |CS1f 0 0
2 22 IDRV_UCLK| -1 -1 1 21|21} D DQ1| B 1 0 0
1 6 |DRV_UCLK| -1 -1 1 16|10] D DQ1 | B_1 0 0
2 22 DRV_CS -1 -1 1 21211 D OE (CS1] 0 0
2 22 |DRV_UCLK| -1 -1 1 23117 D DQ1| B 1 0 0
2 22 DRV_CS -1 -1 1 1]21] D OE |CS1{ © 0
2 22 DRV_CS -1 -1 1 9117 D OE |CS1| 0 0
1 6 |DRV_UCILK]| -1 -1 1 16| 2 D DQ1| B 1 0 0
1 6 DRV_CS -1 -1 1 271 3 D OE |CS 1| 0 0
1 6 |DRV_UCLK]| -1 -1 1 36|14 D DQ1| A1 0 0
2 22 DRV_CS -1 -1 1 16|32| D OE [CS 1) 0 0
1 6 |DRV_UCLK{ -1 -1 1 18] 6 D DQ1]| B_1 0 0
1 6 DRV_CS -1 -1 1 34110 D OE [CS1]| 0 0
2 22 |DRV_UCLK]| -1 -1 1 6 21| D DQ1| A 1 0 0
1 6 DRV_CS -1 -1 1 31|14| D OE [CS1| 0 0
1 6 |DRV_UCLK| -1 -1 1 32| 6 D DQ1| A 1 0 0
2 22 |DRV_UCLK| -1 -1 1 8125| D DQ1| A_1 0 0

[00330] The fields at the top of the columns of the table above stand for the

following:

[00331] ZONE NUMBER: index to indicate membership to a pattern zone,
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determined by pattern generator board 260.
[00332] SLOT NUMBER: location of a driver or power board 262 or 264.
[00333] CHANNEL TYPE: type of hardware resource to be used.

[00334] RAB NUMBER: index of reference and acquisition module on the
power board 264, or -1 if not applicable.

[00335] PWR MODULE NUMBER: power module on power board 264.
[00336] CHANNEL NUMBER: resource index of given board 262 or 264.

[00337] COLUMN, ROW: position of the device 266 on the wafer (or
testboard).

[00338] CONN TYPE: connection type; D for device, or T for termination;
whether a resource influences a device directly, or provides auxiliary

electrical characteristics to the test assembly.

[00339] PAD LABEL: designator for the terminal 72 or pin 68 that the

resource is connected to; this label is then used for programming purposes.
[00340] TERM LABEL: option label for a termination pin.

[00341]] COMMON KEY: option sort key.

[00342] MASK: field to determine whether a device should be tested or

not.

[00343] Some resources are provided separately to each of the devices 300.
For example, there may be a total of 600 of the devices 300, and each device
may require a separate input/ output line connected through the
interconnection scheme 302. Other resources may be shared in order to
reduce the number of electrical paths that are provided through the
interconnection scheme 302. For example, a single input/output line 320
can be provided through the interconnection scheme 302, and at the last
leve] within the interconnection scheme 302 be fanned to a set (or all) of the
devices 300. An input/output signal is thus provided to all the devices 300

of the set. A chip select line 322 can be accessed to select a subset of the
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devices of the set to which the input/ output line 320 is connected. Unique
chip select line combinations are then grouped into chip select states.

[00344] Figures 24A and 24B illustrate the data structure of the
configuration file 310 (“cartconf”). The configuration file 310 includes both a
wafer requirement data structure (wafer_reqs) and a shared resources map
(cs_map) representing the chip select states. Descriptions of the respective
fields and what the fields represent are described in Figures 24A and 24B.
[00345] Again referring to Figures 22 and 23, a response from each one of
the devices 300 is provided through the interconnection scheme 302 and
stored in memory of the driver and power boards 262 and 264 (step 408).
The system software uploads the responses from the driver and power
boards 262 and 264 into the test results file 314 (step 410). The test results
file 314 has raw data wherein the test results of all the devices 300 are
collated. The test results file 314 is provided to a processing application 316.
The processing application 316 utilizes the configuration file 310 to interpret
the test results file 314 in such a manner that the test results of individual
ones of the devices 300 are extracted from the test results file 314 (step 412).
The processing application 316 then publishes the test report 318 (step 414).
The test report 318 is typically a two-dimensional map on a computer screen
with cells representing the devices 300, wherein functioning and defective
devices are shown in different colors. The test results file 314 is also to be
used by the test application 312 to modify the instructions provided to
boards 260, 262 and 264.

[00346] Figure 25 illustrates a software assembly application 420 that is
used for constructing the configuration file 312 of Figure 19. The application
420 includes a plurality of net files 422, an input module 424, and an
assembly module 426. The net files 422 each represent a scheme of current
passing through conductors of a respective electrical subassembly. For
example, the net file 422A is a pattern generator board net file representing
the flow of current through one of the pattern generator boards 260 of
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Figure 19. Similarly, the driver board net file 422B and power board net file
422C respectively represent flow of current through conductors through one
of the driver boards 262 and one of the power boards 264. The
interconnection scheme 302 also has multiple components, and a respective
net file 422D or 422E represents flow of current through a respective
component of the interconnection scheme 302.

[00347] Referring now to Figures 25 and 26 in combination, the net files
422 are first stored in memory of a computer system on which the software
assembly application 418 resides (step 450). The input module has an
interface with a list of the components that can make up the tester system
304. The list includes one pattern generator board, one driver board, one
power board, and one type of each component that can make up the
interconnection scheme 302. The input module 424 also allows an operator
to select how many of the components on the list are used to assemble the
tester system 304, and how the components are connected to one another.
For example, the operator can select two pattern generator boards and three
driver boards, one of the driver boards being connected to one of the pattern
generator boards and the other two driver boards being connected to the
other pattern generator board (step 452).

[00348] The assembly module 426 then uses the input provided by the
operator via the input module 424 and the net files 422 to assemble the
configuration file 310. In the given example, the assembly module 426 will
construct the configuration file 310 so that it has data representing two
pattern generator net files 422A and three driver board net files 422B, with
one driver board net file 422B being associated with one pattern generator
board net file 422A and the other two pattern generator net files 422B being
associated with the other pattern generator board net file 422A (step 454).
The configuration file 310 can then be transferred from the computer system
on which the software assembler application 420 resides to the local
controller 306 of Figure 22.
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[00349] Figure 27 illustrates some of the components hereinbefore
described and some additional components of the apparatus 10. The
components hereinbefore described include the cartridge 18 that has the
contactor assembly 42, the flexible attachments 46, two of the power boards
264, one of the driver boards 262, one of the pattern generator boards 260,
and the local controller 306. Two types of power boards 264V and 264C are
used, for high voltage and high current respectively. Each power board
264V or 264C has eight logical groups of 64 channels, and therefore 512
channels in total. The high-voltage power board 264V can provide a voltage
output of 0.5 V to 12 V at a current of at least 200 mA for each channel. The
high-current power board 264C can provide an output of 0.1 Vto5V ata
current of at least 500 mA. The locations of the boards 260, 262, and 264
have been described with reference to Figure 20.

[00350] Each one of the power boards 264V or 264C is connected to the
contactor assembly 42 through four dedicated power flexible attachments
46P. The driver board 262 is connected to the contactor assembly 42
through dedicated signal flexible attachments 46S. The flexible attachments
46 have been described with reference to Figure 3. The flexible attachments
46 connecting at site 92 at the distribution board 48 also provide alternating
current (AC) ground from the contactor assembly 42 to the boards 262 and
264.

[00351] The apparatus 10 further includes a ground plate 460 and a Bussed
low-voltage differential signaling (LVDS) backplane 462 mounted within the
test head 20. The power boards 264V and 264C and the driver board 262
each have two direct current (DC) connection pins 508, as illustrated in
Figure 18, that connect to the ground plate 460. The DC pins 508 also pass
through the ground plate 460 and connect to the block support piece 184,
shown in Figure 17. DC ground cables 464 connect the block support piece
184 to the signal distributor board 48, shown in Figure 4, at the DC
connection site 461, illustrated in Figure 6, and thereby provide a DC
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ground path from the boards 262 and 264, the contactor assembly 42, and
the wafer 76. Figure 3 illustrates connectors 466 to which the DC ground
cables 464 are attached at the block support piece 184 of the cartridge 18.
[00352] The boards 260, 262, 264C, and 264V each have a connection that
connects respective board to the Bussed LVDS backplane 462. A logical link
is thereby provided between the boards 260, 262,264C, and 264V, allowing
the boards to communicate with one another. It is also the Bussed LVDS
backplane 462 that provides the logical link between the boards 260, 262,
and 264 illustrated in Figure 22.

[00353] The apparatus 10 further has a system control bay 470 that
includes a bulk die power supply 472V for high voltage, a bulk die power
supply 472C for high current, the local controller 306 described with
reference to Figure 22, and a system controller 474. The bulk die power
supply 472V can provide a voltage of 0.5 V to 13 V at 110 A, and the bulk die
power supply 472C can provide a voltage of 0.5 V to 7 V at 200 A. The bulk
die power supply 472V is connected through respective power cables 476 to
power board(s) 264V. Similarly, the bulk die power supply 472C is
connected through respective power cables 476 to power board(s) 264C.
[00354] An Ethernet link 478 connects and networks the bulk die power
supplies 472V and 472C, the local controller 306, the system controller 474,
and the boards 260, 262, 264C, and 264V with one another. The local
controller 306 controls the boards 260, 262, 264C, 264V, and 474 through the
Ethernet link 478 and peripheral components of the apparatus 10.

[00355] Figure 28 illustrates one of the power boards 264V or 264C and its
connections to the ground plate 460, and power flexible attachments 46P. A
board-level control and bulk power control 490 is connected to the Ethernet
link 478. A board power control 492 and calibration control 494 are
connected to the board-level control and bulk power control 490. The
board-level control and bulk power control 490, device power timing system
500, and the calibration control 494 are connected to a reference and
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measurement system 496 and provide a series of instructions to the
reference and measurement system 496. The instructions have been
described with reference to Figure 22 (the instructions that are provided by
the board-level control and bulk power control 490, the device power timing
system 500, and calibration control 494 to the reference and measurement
system 496 have, for purposes of explanation, been equated to chords in a
music score).

[00356] The pattern generator board 260 has a pattern generator power
timing bus that is connected through the Bussed LVDS backplane to a
device power timing system 500. The device power timing system 500 is
connected to the reference and measurement system 496. The device power
timing system 500 provides both timing and instructions to the reference
and measurement system 496 for purposes of carrying out the instructions
that are provided from the board-level control and bulk power control 490
and calibration control 494 (the functioning of the device power timing
system 500 has, for purposes of explanation, been equated to an orchestra
conductor that provides both timing and instructions of which chords are to
be played). The reference and measurement system 496 includes eight
logical systems of 64 channels each, thus totaling 512 channels. Inputs into
the reference and measurement system include signals from the pattern
generator index bus, pattern generator clocks, calibration reference, and
ground sense. The reference and measurement system 496 performs voltage
readback and current readback. Output from the reference and
measurement system 496 includes four voltage references and device power
control through a device power control bus. Output from the reference and
measurement system 496 thus includes logic for purposes of controlling
power.

[00357] The reference and measurement system 496 and board-level
control and bulk power control 490 are connected to a device power output
system 502. A positive side of the bulk die power supply 472V or 472C is
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also connected to the device power output system 502 through cable 476.
The device power output system 502 regulates the power from the bulk die
power supply 472V or 472C, utilizing the signal from the reference and
measurement system 496 (the power provided by the bulk die power supply
472V or 472C has, for purposes of explanation, been equated to power or air
that is provided simultaneously to a number of music instruments in an
orchestra). The device power output system 502 includes 16 sections of 32
channels, grouped into 8 logical groups, thus totaling 512 channels. Each
channel includes a Kelvin sense system, each system including one force
(+F) and one sense (+S) line, so that there are a total of 1,024 pins and
circuits. Input into the device power output system 502 includes references,
bulk power, control parameters from board-level control and bulk power
control 490, and device power control through the device power control bus.
The device power output system 502 also provides voltage and current
readback to the reference and measurement system 496 and channel status
information to the board-level control and bulk power control 490.

[00358] Four of the power flexible attachments 46P are connected to the
device power output system 502. Each power flexible attachment 46P
includes 128 +F lines, 128 +S lines, AC ground, and ground sense.

[00359] Two ground sense traces from each power flexible attachment 46P,
thus totaling eight traces, are connected to a board ground control system
506. The board ground control system 506 averages eight measurements
from the ground sense traces, and provides the averaged result as an output
to the reference and measurement system 496.

[00360] . A ground pin 508 is connected to the ground plate 460 and the first
connector sets 44. The ground pin 508 is connected to both the device power
output system 502 and to a board power system 510. The board power
system 510 has a separate 48 V input, and can provide, for example, outputs
of15V,5V,33V,-33V,and 1.2 V. The DC ground cables 464 are
connected to the block support piece 184. The negative side of the bulk die
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power supply 472V or 472C is also connected through the power cable 476
to the ground plate 460.

[00361] What should be noted is that separate paths are provided for AC
ground and for DC ground. AC ground is provided through the flexible
attachments 46P that also deliver the power. The physical space between F+
power provision, the S+ line, and AC power ground in a power flexible
attachment 46P is extremely small, typically on the order of between 0.002
and 0.010 inches. Such a small space allows for a substantial reduction in
noise and an increase in speed, which is particularly important for accurate
measurement through the 512 sense lines and clean power delivery through
the F+ lines. DC ground is provided through the DC ground cables 464,
The AC and DC grounds have, for example, respective resistances of
between 0.5 and 1.5 ohms and 0.003 and 0.015 ohms.

[00362] Figure 29 illustrates components of the device power output
system 502 in more detail. The device power output system 502 includes
only a single one of subsystem A. The subsystem B is replicated 512 times
and is in eight groups of 64, and the 512 subsystems B are connected in
parallel to the subsystem A. The subsystem C is replicated eight times, and
the eight subsystems C are connected in parallel to the subsystem B.

[00363] Subsystem A includes die bulk power supply 472 and power
cables 476 which include an AC-to-DC conversion circuit comprising an
inductor I and a capacitor C1 connecting an output terminal of the inductor
I'to ground and is controlled by board-level control and bulk power control
490 and local controller 306 through 478. An input terminal of the inductor
Iis connected to the die bulk power supply 472V or 472C in Figure 27. A
stepped voltage cycle is provided to an input terminal of the inductor I. An
amplitude and a period of the stepped voltage cycle always remain
constant, but an amount of time that the voltage is high during a particular
period can be modulated. The total amount of time that the voltage is high
can thus be modulated from a small percentage of the total time to a large
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percentage of the total time. The inductor I and capacitor C1 convert the
voltage step to a DC voltage. The DC voltage can thus also be modulated,
depending on the percentage of time that the voltage provided to the input
terminal of the inductor I is high. The die bulk power supply 472V or 472C
allows for a variable voltage to be created per power board 264. The DC
voltage can thus be modulated, depending on the need to control power
dissipation in the device power output system 502. The reference and
measurement system 496 allows for 16 different voltages to be created per
group of 64 channels. Different voltages can be provided to different groups
of 64 channels at a particular moment in time.

[00364] The DC voltage created by the subsystem B is provided through a
force F+ line through a power terminal 72P to a power contact 74P of a
respective device 300 (see also reference numerals 72 and 74 in Figure 4). A
sense line S+ is connected to the power terminal 72 or 56 and detects a
voltage at the power terminal 72. The voltage detected by the sense line S+
is provided through a resistor R2, an amplifier A3, and a resistor R1 to
control a MOSFET 1 located in the force line F+. The amplifier A3 also
receives at its positive terminal an input (Vref) through a switch 594. The
amplifier A3 is set so that the voltages provided at its positive and negative
terminals are combined to provide an output voltage to the MOSFET 1. The
voltage Vrefout provides an input voltage, which is the desired voltage
provided to the power terminal 72P, and the sense line S+ provides a
feedback through the amplifier A3 to keep the voltage provided to the
MOSEFET 1, and therefore the power terminal 72P, at a steady state. The
amplifier A3 provides a voltage (Vrefout + Vgs), in this case 2.3 V, to the
MOSFET 1 if the voltage provided by the subsystem A is 1.5 V and the
power terminal 72P requires a voltage of 1 V. The MOSFET 1 dissipates
heat equivalent to a difference between the voltage provided by the
subsystem A and the voltage on the force line F+, multiplied by the current.
For example, the voltage provided by the subsystem A can be 1.5 V, and the
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force line F+ can provide a voltage of 1 V. If the current is 1 A, the power
dissipated by the MOSFET 1 is 0.5 W. Should the voltage provided by the
subsystem A always be a maximum of, for example, 12 V, the MOSFET 1
would have to dissipate 11 W. The variable power provided by the bulk die
power supplies 472V and 472C in Figures 27 thus substantially assist in
reducing the amount of energy, and therefore heat, dissipated by the
MOSFET 1.

[00365] A resistor R3 is connected between the force and sense lines F+
and S+ and resistively connects the F+ to the S+ of the amplifier A3. The
resistor R3 serves to control the amplifier A3 in case of a failure by holding
the force and sense lines F+ and S+ to similar voltages. The resistor R3 is
thus just a safety device in case of contact failure.

[00366] The subsystem B also includes a circuit that automatically switches
power to the device 300 off upon the detection of an overcurrent, among
other things. The overcurrent detection and switching circuit includes a
resistor R6 located after the MOSFET 1 in the force line B+, A voltage over
the resistor R6 is linearly related to a current through the force line F+. An
amplifier A1 amplifies the voltage detected over the resistor R6. A
comparitor A2 compares an output from the amplifier Al to a current set
point supplied by reference and measurement system 496. An output from
the comparitor A2 would be zero if the output from the amplifier A1 is the
same as, or greater than, the current set point.

[00367] The output from the comparitor A2 provides an indication of an
overcurrent or undercurrent through the resistor R6. The output from the
comparitor A2 is provided to a field programmable gate array (FPGA) 1.
The FPGA 1 has logic that determines whether the over- or undercurrent is
sufficient to switch subsystem B off. The FPGA 1 also provides for a timing
delay before switching the current off, to allow for brief surges in current
without switching the current off. An output of the FPGA 1 is provided to a
switch 1 and a switch 2 594.
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[00368] During normal operating conditions, i.e., when the current should
continue to flow, the switch 1 is switched into its “off” position and the
switch 2 in its "A" position. A voltage of 15V is provided through a resistor
R5 to one terminal of the switch and to a MOSFET 2 located after the resistor
R6 in the force F+ line. During normal operating conditions, the voltage
provided through the resistor R5 maintains the MOSFET 2 in an “on”
position, thereby allowing current to flow through the force line F+. Should
an overcurrent be detected, the FPGA 1 switches the switch 1 to its “on”
position, thereby grounding the voltage provided through the resistor R5,
the MOSFET 2 will switch into its “off” position and disconnect the current,
and switch 2 is set to the "B" position, shutting down the amplifier A3.
[00369] What should be noted is that each one of the 512 subsystems B has
its own overcurrent detection and switching circuit. The 512 overcurrent
and switching circuits allow for currents to one or more of 512 individual
devices to be switched off, while current to the other devices continues to
flow. Current measurement and voltage measurement can also be done on
a per-device level, because each one of the subsystems B has a respective
current measurement line (Imeas), and a respective voltage measurement
line (Vmeas). The current measurement line Imeas is connected to an
output of the amplifier A1, and the voltage measurement line Vmeas is
connected to the sense line S+. The current and voltage measurement lines
Imeas and Vmeas allow for real-time measurement of current and voltage
provided to the power terminal 72P. The subsystem B also includes a
switching circuit having a resistor R4 and a MOSFET 3. The resistor R4 is
connected to the force line F+ after the MOSFET 2, and the MOSFET 3 is
connected in series after the resistor R4. A test signal (Test) can be provided
to the MOSFET 3, thereby drawing current through the force line F+ for self-
testing.
[00370] A high-frequency response is required for the circuit that includes
the resistors R1, R2, and the amplifier A3. For this purpose, a capacitor C3 is
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provided in parallel with the integrated circuit of the device 300. The
capacitor C3 is built into the support structure 80 shown in Figure 4. The
force line F+ should have a relatively low inductance to allow for proper
functioning of the capacitor C3 and high-frequency response of the circuit,
including the resistors R1 and R2 and the amplifier A3. For this purpose,
the force line F+ includes two sets of parallel power conductors 590 and 592,
respectively. The subsystems A and B are connected to a single substrate
with the conductors 590 of the first set are traces that are formed on the
substrate. The conductors 590 all have first ends that are connected to one
another and second ends that ére connected to one another, so that middle
sections of the conductors 590 conduct current in parallel. The second ends
of the conductors 590 are connected to a common pin. The conductors 592
are in the form of individual electric lines in a respective power flexible
connection 46P. First ends of the conductors 592 are connected to one
another and second ends of the conductors 592 are connected to one
another, so that middle sections of the conductors 592 conduct the current
received from the conductors 590, in parallel. The second ends of the
conductors 592 are all connected to one power terminal 72P.

[00371] The distribution board 48 has two ground sense contacts at each
interface 92. Ground sense terminals at each interface 92 connect to the
ground sense contacts 74G. Eight ground sense lines are provided to a
grounding modulation circuit, including an amplifier A4 and a filter 201.
The voltage detected at the ground sense contact 74G is added by the
ground modulation circuit to a variable input voltage (Vrefin). Ideally, the
voltage detected at the ground sense contact 74G is 0 V, in which case the
voltage variable Vrefin would be equal to the voltage Vrefout. If the voltage
detected at the ground sense contact 74G is not zero, for example, itis 0.1V,
then Vrefout would be driven to 1.1 V (Vrefin + 0.1 V). The voltage
provided to the negative terminal of the amplifier A3 would then also be 1.1
V, and the voltage provided to the power terminal 74P would be 1.1 V.

65



WO 2006/116767 PCT/US2006/016659

[00372] Figure 30 illustrates one channel of the driver board 262 shown in
Figures 22 and 27. The same signal illustrated in Figure 30 is replicated for
each of multiple channels of the driver board 262.

[00373] Also illustrated in Figure 30 are multiple ones of the devices 300
and their respective ground sense contacts 72G. Voltages detected by
respective ground sense terminals on the ground sense contacts 74G (or
72G) are averaged and provided to a filter 700. Under normal operating
conditions, the voltage provided to the filter 700 would be 0 V. There may
sometimes be a small deviation from 0 V, for example, 0.1 V. The 0.1 Vis
provided by the filter 700 to a positive terminal of an amplifier Ad. A
negative terminal of the amplifier A4 is then also driven to 0.1 V. One
resistor R9 is connected between the negative terminal and an output of the
amplifier A4. A resistor R10, having the same resistance as the resistor R9, is
also connected to the negative terminal of the amplifier A4. A 10 V voltage
source 702 is connected over the resistors R9 and R10. Two terminals of the
voltage source 702 are then 5 V above and 5 V below the voltage at the
negative terminal of the amplifier A4, and thus at -4.9 V and 5.1 V,
respectively.

[00374] The terminals of the 10 V voltage source 702 are connected to
respective terminals R+ and R- of a digital-to-analog converter (DAC) 704.
The DAC 704 also has output terminals, and has the ability to switch each
output terminal to a voltage between -4.9 V and 5.1 V.

[00375] A microprocessor bus 705 is connected to the DAC 704.
Information representing desired high and low voltages can be loaded from
the microprocessor bus 705 into the DAC 704. The DAC 704 can, for
example, be programmed with a high voltage of 3 V and a low voltage of 2
V. Because the voltage provided to the positive terminal of the amplifier A4
is at 0.1 V, the output terminals of the DAC are, in this exainple, held at 3.1
Vand 2.1V, respectively.

[00376] The output terminals of the DAC are connected to high-voltage
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and low-voltage (VH and VL) terminals of a voltage switch 706. The pattern
generator board 260 illustrated in Figures 22 and 27 provides a signal source
708 to a signal terminal of the voltage switch 706. The voltage switch is a
bus switch in the present example, having a 5 V power supply voltage. The
signal source 708 switches between alternating true and false states. In a
true state, a first terminal of the switch 706 connected to the high-voltage
VH is connected to an output of the switch 706, and in a false state, the
terminal connected to the low-voltage VL is connected to the output of the
switch 706. The output of the switch 706 thus switches between 3.1 V and
2.1 Vin response to the signal source 708.

[00377] A damping circuit, including a resistor R11 and a capacitor C4, has
an input connected to the output of the switch 706. The resistor R11 has one
terminal connected to the switch 706, and an opposing terminal of the
resistor R11 is connected through the capacitor C4 to ground. An effect of
the damping circuit represented by the resistor R11 and capacitor C4 is that
a slew rate of a signal provided on the output of the switch 706 is reduced.
The switch 706 provides a square wave at its output, and the damping
circuit has an output that responds to the square wave in a non-square
fashion. Specifically, the voltage on the output of the damping circuit
increases more slowly than the voltage provided to the input of the
damping circuit.

[00378] The response voltage of the damping circuit is provided to an
amplifier A5 with a gain of two, and then through a switch 708 to respective
signal contacts 74S (see also reference numeral 74 in Figure 4) of the devices
300. Because the signal provided to the devices 300 is dampened, ringing
can be reduced or be eliminated.

[00379] Figure 31 illustrates a prior art solution, wherein a termination
damping circuit is provided at a termination of one device. The termination
damping circuit provides a dampening effect at the device that is being
tested. However, the functioning of the termination depends to a large
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extent on the length of a line connected to the device that is being tested. As
illustrated in Figure 30, the signal contacts 74S can be at different distances
from the damping circuit, as measured along a length that current flows in
the circuit, and can be used without a termination damping circuit.
Furthermore, the signal contacts 74S can be spaced differently from one
application to another, for example, by 10 inches in one application and 18
inches in another application, and the same damping circuit will reduce
ringing in each application.

[00380] While certain exemplary embodiments have been described and
shown in the accompanying drawings, it is to be understood that such
embodiments are merely illustrative and not restrictive of the current
invention, and that this invention is not restricted to the specific
constructions and arrangements shown and described since modifications

may occur to those ordinarily skilled in the art.
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CLAIMS
What is claimed:
1. A contactor assembly, comprising:

a contactor support structure;

a plurality of terminals, held by the contactor support
structure, for contacting respective contacts of a device under test;

at least first and second interfaces, on the contactor support
structure, each having at least one row of contacts for contacting a
respective terminal of a connector, the rows of the contacts of the
interfaces being at an angle between 0° and 180° relative to one
another; and

a plurality of conductors, held by the contactor support
structure, connecting the contacts of the interfaces and the terminals

on the contactor support structure to one another.

2. The contactor assembly of claim 1, wherein the angle is
substantially 90°.
3. The contactor assembly of claim 1, comprising at least a third

of said interfaces, wherein the row of contacts of the third interface is
between the row of contacts of the first interface and the terminals held by

the contactor support structure.

4. The contactor assembly of claim 3, wherein the rows of
contacts of the first and third interfaces are substantially parallel to one

another.

5. The contactor assembly of claim 1, wherein the contactor
support structure has two threaded openings at opposing ends of each
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interface, for securing the respective connectors to the contactor support

structure.

6. The contactor assembly of claim 1, wherein the contactor
support structure includes a distribution substrate and a circular contactor
substrate secured to the distribution substrate, the terminals held by the
contactor support structure being held by the contactor substrate and the
contacts on the contactor support structure being on the distribution

substrate.

7. A contactor assembly, comprising:

a contactor support structure;

a plurality of terminals, held by the contactor support
structure, for contacting respective contacts of a device under test;

at least first and second interfaces, on the contactor support
structure, each having at least one row of contacts for contacting a
respective terminal of a connector, the row of contacts of the second
interface being between the row of contacts of the first interface and
the terminals held by the contactor support structure; and

a plurality of conductors, held by the contactor support
structure, connecting the contacts of the interfaces and the terminals

on the contactor support structure to one another.

8. The contactor assembly of claim 7, comprising at least a third
of said interfaces, wherein the row of contacts of the second interface is
between the row of contacts of the first interface and the terminals held by

the contactor support structure.

9. The contactor assembly of claim 7, wherein the contactor
support structure has two threaded openings at opposing ends of each
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interface, for securing the respective connectors to the contactor support

structure.

10. A contactor assembly, comprising:

a contactor support structure;

a plurality of terminals, held by the contactor support
structure within an inner area of the contactor support structure, for
contacting respective contacts of a device under test;

a plurality of interfaces on the contactor support structure,
each interface having at least one row of contacts for contacting a
respective terminal of a connector, a combined length of the rows
being more than a length of a periphery of the inner area; and

a plurality of conductors, held by the contactor support
structure, connecting the contacts of the interfaces and the terminals

on the contactor support structure to one another.

11. The contactor assembly of claim 10, the rows of the contacts of

the interfaces being at an angle between 0° and 180° relative to one another.

12. The contactor assembly of claim 10, a row of contacts of a first
of the interfaces being between a row of contacts of a second of the

interfaces.

13. Anapparatus for testing an integrated circuit of a device,
comprising:
an apparatus frame;
a holder, having a surface against which the device is placed,
mounted to the apparatus frame;

71



WO 2006/116767 PCT/US2006/016659

a cartridge frame mounted to the apparatus frame;

a contactor support structure;

a contactor interface on the contactor support structure;

a plurality of terminals held by the contactor support
structure;

a plurality of conductors, held by the contactor support
structure, connecting the interface to the terminals; and

an actuator connected between the cartridge frame and the
contactor support structure, having first and second portions that are
movable relative to one another to move the contactor support
structure relative to the cartridge frame and toward the surface of the

holder so that the terminals are urged against contacts of the device.

14. The apparatus of claim 13, wherein the first and second
portions of the actuator are a cylinder and a piston, respectively, the piston
being located in the cylinder so that the cylinder and the piston jointly
define a volume, further comprising a fluid line connected to the volume to
modify a pressure of the volume and move the piston relative to the

cylinder.

15.  The apparatus of claim 13, further comprising a travel sensor
for measuring the movement of the contactor support structure relative to

the cartridge frame.

16.  The apparatus of claim 15, wherein the cartridge frame
includes a lower backing plate and a support structure, and wherein the
travel sensor includes an outer portion attached to the support structure and
an inner portion attached to the backing plate, and wherein actuation of the
actuator causes the relative movement between the outer portion and the
inner portion.
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17. The apparatus of claim 16, wherein the travel sensor measures
the change of inductance or capacitance between the outer portion and the

inner portion.

18. A cartridge, comprising:

a cartridge frame;

formations on the cartridge frame for mounting the cartridge
frame in a fixed position to an apparatus frame;

a contactor support structure;

a contactor interface on the contactor support structure;

a plurality of terminals held by the contactor support
structure;

a plurality of conductors, held by the contactor support
structure, connecting the interface to the terminals; and

an actuator connected between the cartridge frame and the
contactor support structure, having first and second portions that are
movable relative to one another to move the contactor support

structure relative to the cartridge frame.

19. The cartridge of claim 18, wherein the first and second
portions of the actuator use a cylinder and a piston, respectively, the piston
being located in the cylinder so that the cylinder and the piston jointly
define a volume, further comprising a fluid line connected to the volume to
modify a pressure of the volume and move the piston relative to the

cylinder.

20.  The cartridge of claim 18, further comprising a travel sensor
for measuring the movement of the cartridge frame relative to the contactor

support structure.
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21.  The cartridge of claim 20, wherein the cartridge frame includes
a lower backing plate and a support structure, and wherein the travel sensor
includes an outer portion attached to the support structure and an inner
portion attached to the backing plate, and wherein actuation of the actuator
causes the relative movement between the outer portion and the inner

portion.

22, The cartridge of claim 21, wherein the travel sensor measures
the change of inductance or capacitance between the outer portion and the

inner portion.

23. A method of testing an integrated circuit of a device,
comprising:
holding the device against a surface of a holder;
actuating an actuator to move a contactor support structure
relative to a frame and urge terminals on the contactor support
structure against contacts on the device; and
providing signals through the terminals and contacts to the

integrated circuit.

24, The method of claim 23, further comprising moving the device
with the holder relative to the frame in a direction toward the contactor

support structure.

25.  The method of claim 24, further comprising utilizing the

actuator to move the terminals into contact with the contacts.

26.  The method of claim 24, wherein actuating the actuator occurs
before or after moving the device with the holder relative to the frame.
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27.  The method of claim 23, wherein the actuator includes a
cylinder and a piston in the cylinder, the piston being moved relative to the

cylinder by changing a pressure on a surface of the cylinder.

28.  The method of claim 23, further comprising measuring the

movement of the actuator.

29.  The method of claim 28, further comprising controlling the

speed of movement of the actuator.

30.  An apparatus for testing an integrated circuit of a device,
comprising:

an apparatus frame;

a holder, having a surface against which the device is placed,
mounted to the apparatus frame;

a cartridge frame mounted to the apparatus frame;

a contactor support structure;

a contactor interface on the contactor support structure;

a plurality of terminals held by the contactor support
structure;

a plurality of conductors, held by the contactor support
structure, connecting the interface to the terminals;

a variable-force actuator connected between the cartridge
frame and the contactor support structure, having first and second
portions that are movable relative to one another to move the
contactor support structure relative to the cartridge frame and
toward the surface of the holder so that the terminals are urged

against contacts of the device; and
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a travel sensor connected to the cartridge frame for measuring

the movement of the cartridge frame relative to the apparatus frame.

31.  The apparatus of claim 30, wherein the cartridge frame
includes a lower backing plate and a support structure, and wherein the
travel sensor includes an outer portion attached to the support structure and
an inner portion attached to the backing plate, and wherein actuation of the
actuator causes the relative movement between the outer portion and the

inner portion.

32.  The apparatus of claim 30, wherein the device with the holder
is moveable relative to the frame in a direction toward the contactor support

structure.

33.  The apparatus of claim 30, wherein the variable-force actuator

comprises a piston.

34.  The apparatus of claim 33, wherein the pressure of the piston
is set so that the piston is in the middle of its stroke when the terminals are

urged against the contacts of the device.

35.  Anapparatus for testing an integrated circuit of a device,
comprising;:

an apparatus frame;

an alignment formation on the apparatus frame;

a holder, capable of holding the device, mounted to the
apparatus frame;

a cartridge frame;

a contactor support structure mounted to the cartridge frame;

a plurality of terminals on the contactor support structure; and
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a positioning formation on the cartridge frame, the positioning
formation mating with the alignment formation to position the
cartridge frame on the apparatus frame in a position wherein the
terminals can make contact with contacts of the device upon
movement of the terminals and the contacts relatively toward one

another.

36.  The apparatus of claim 35, comprising a plurality of alignment
formations on the apparatus frame and a plurality of positioning formations
on the cartridge frame, each mating with a respective one of the alignment

formations.

37.  The apparatus of claim 35, further comprising a retaining
mechanism releasably interconnecting the apparatus frame and the
cartridge frame to prevent movement of the cartridge frame off the

apparatus frame when the terminals are urged against the contacts.

38.  The apparatus of claim 37, wherein the retaining mechanism is

remotely actuable.

39.  The apparatus of claim 37, wherein the alignment formation is
an opening in the frame, the positioning formation is a positioning pin that
is inserted into the opening, and the retaining formation engages with a

retaining formation on the positioning pin.

40.  The apparatus of claim 35, further comprising an interface on
the contactor support structure and a plurality of conductors
interconnecting the terminals with contacts of the interface, and a flexible
connector attached to the interface through which signals can be routed to
the terminals and the contacts on the device.
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41. A cartridge, comprising:

a cartridge frame;

a plurality of positioning pins on the cartridge, each being
insertable into a respective opening of an apparatus frame, and each
having a retaining formation with which a retaining mechanism on
the apparatus frame is engageable to secure the cartridge frame to the
apparatus frame;

a contactor support structure mounted to the cartridge frame;

a plurality of terminals on the contactor support structure,
each being positioned for contacting a respective contact of a device;

an interface on the contactor support structure; and

a plurality of conductors interconnecting the terminals with

contacts of the interface.

42. A method for testing an integrated circuit of a device
comprising:

moving a positioning formation toward an alignment
formation to position a cartridge frame on an apparatus frame in a
position wherein terminals of the cartridge frame can make contact
with contacts of the device upon movement of the terminals and the
contacts relatively toward one another; and

engaging the positioning formation with the alignment

formation.
43.  The method of claim 42, wherein the positioning formation

comprises a plurality of positioning pins insertable into a respective opening

of the apparatus frame.

78



WO 2006/116767 PCT/US2006/016659

44.  The method of claim 43, wherein the positioning pins include a
retaining formation engageable with a retaining mechanism on the

apparatus frame.

45. A connector system, comprising:

a first frame portion;

a first connector block support piece held by the first frame
portion;

a first connector block held by the connector block support
piece;

a plurality of terminals and contacts held by the first connector
block;

a first engagement component mounted to the connector block
support piece;

a second frame portion;

a second connector block held by the second frame portion;

a plurality of terminals and contacts held by the second
connector block;

a second engagement component mounted to the second
frame portion, the second engagement component being releasably
engageable with the first engagement component; and

a component actuator connected to the second engagement
component, the component actuator, upon actuation, causing
movement of the second and first engagement components relative to
the second frame portion, and movement of the connector block
support piece relative to the first frame portion so that the contacts on
the first connector block come into contact with the terminals on the

second connector block.
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46.  The connector system of claim 45, wherein the actuator
includes a cylinder and a piston in the cylinder, the second engagement
component being a shaft that extends from the cylinder and having an
engagement formation thereon, wherein the first engagement component
has an engagement formation thereon and is movable relative to the
connector support piece between a first position, wherein the engagement
formation on the first engagement component is disengaged from the
engagement formation on the second engagement component, and a second
position wherein the engagement formations of the first and second

engagement components engage with one another.

47. A connector system, comprising;

a first frame portion;

a second frame portion;

a plurality of connector sets, each set including a connector
block support piece held by the first frame portion, a first connector
block held by the connector block support piece, a plurality of
terminals and contacts held by the first connector block, a first
engagement component mounted to the connector block support
piece, a second connector block held by the second frame portion, a
plurality of terminals and contacts held by the second connector
block, a second engagement component mounted to the second frame
portion, the second engagement component being releasably
engageable with the first engagement component, and a component
actuator connected to the second engagement component; and

an engager which is movable between a disengaging position
wherein the first engagement components are disengaged from the
second engagement components, and an engaging position wherein
the engager has moved the first engagement components into
engagement with the second engagement components, the
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component actuator, upon actuation, causing movement of the
second and first engagement components relative to the second
frame portion, and movement of the connector block support piece
relative to the first frame portion so that the contacts on the first
connector block come into contact with the terminals on the second

connector block.

48.  The connector system of claim 47, further comprising an
engager actuator connected to the engager, the engager actuator moving the

engager between the engaging and disengaging positions.

49. The connector system of claim 47, wherein the connector sets

are located in at least one row.

50.  The connector system of claim 47, wherein the actuator
includes a cylinder and a piston in the cylinder, the second engagement
component being a shaft that extends from the cylinder and having an
engagement formation thereon, wherein the first engagement component
has an engagement formation thereon and is movable relative to the
connector support piece between a first position, wherein the engagement
formation on the first engagement component is disengaged from the
engagement formation on the second engagement component, and a second
position wherein the engagement formations of the first and second

engagement components engage with one another.

51.  Anengager comprising:

first engagement components connected with a first connector
block having a plurality of contacts;

second engagement components connected with a second
connector block having a plurality of terminals; and
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an actuator to move the first engagement components from a
disengaging position, wherein the first engagement components are
disengaged from the second engagement components, to an engaging
position wherein the first engagement components are engaged with
the second engagement components to contact the contacts of the first

connector block with the terminals of the second connector block.

52.  The engager of claim 51, wherein the first engagement
components are mounted to a first connector block support piece, the first
connector block support piece supporting the first connector block and
wherein the second engagement components are mounted to a second
connector block support piece, the second connector block support piece

supporting the first connector block.

53.  The engager of claim 51, wherein the first engagement
components comprise slider pins, and wherein the second engagement

components comprise slider openings corresponding to the slider pins.

54.  The engager of claim 51, wherein the actuator comprises a

cylinder and a piston in the cylinder.

55.  The engager of claim 51, wherein the actuator includes a
cylinder and a piston in the cylinder, the second engagement component
being a shaft that extends from the cylinder and having an engagement
formation thereon, wherein the first engagement component has an
engagement formation thereon and is movable relative to the connector
support piece between a first position, wherein the engagement formation
on the first engagement component is disengaged from the engagement

formation on the second engagement component, and a second position
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wherein the engagement formations of the first and second engagement

components engage with one another.

56.  An apparatus for testing an integrated circuit of a device,
comprising:

an apparatus frame having first, second, and third portions;

a holder for the device mounted to the first portion of the
apparatus frame;

a plurality of first connector modules held by the second
portion of the apparatus frame, each having a body and a plurality of
terminals and contacts on the body;

a contactor support structure;

a plurality of terminals on the contactor support structure, the
contactor support structure being positioned so that the terminals
thereon can make contact with contacts on the device;

a plurality of conductors connecting the terminals on the
contactor support structure with the terminals of the first connector
modules; and

a plurality of second connector modules held by the third
portion of the apparatus frame, each having a body and a plurality of
terminals and contacts on the body, the contacts of the first connector
modules being engageable with the terminals of the second connector

modules.

57.  The apparatus of claim 56, wherein the third portion of the
apparatus frame is movable relative to the second portion of the apparatus
frame to move the second connector modules relatively toward the first

connector modules.
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58.  The apparatus of claim 56, wherein the first connector modules

are located in an array having a plurality of rows and columns.

59.  The apparatus of claim 56, wherein the first connector modules
are located over a first area and the terminals on the contactor support
structure are located over a second area, the first area being larger than the

second area.

60.  The apparatus of claim 56, comprising a plurality of flexible
ribbons, each including a flexible outer layer and a respective set of the

conductors within the respective flexible outer layer.

61.  The apparatus of claim 56, wherein the body of each respective
first connector module has a plurality of gaps formed therein and the
contacts of the first connector module are within the gaps, and wherein each
respective second connector module has a plurality of substrates held by the
body of the second connector module and the terminals of the second
connector module being located on the substrates, the substrates being

insertable into the gaps.

62. A cartridge, comprising:

a cartridge frame;

a plurality of first connector modules held by the cartridge
frame, each having a body and a plurality of terminals and contacts
on the body;

a contactor support structure mounted to the cartridge frame;

a plurality of terminals, for contacting contacts on a device, on

the contactor support structure; and
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a plurality of conductors connecting the terminals on the
contactor support structure with the terminals of the first connector

modules.

63.  The cartridge of claim 62, wherein the first connector modules

are located in an array having a plurality of rows and columns.

64.  The cartridge of claim 62, wherein the first connector modules
are located over a first area and the terminals on the contactor support
structure are located over a second area, the first are being larger than the

second area.

65.  The cartridge of claim 62, comprising a plurality of flexible
ribbon, each including a flexible outer layer and the conductors within the

flexible outer layer.

66.  The cartridge of claim 62, wherein the body of each respective
first connector module has a plurality of gaps formed therein and the

contacts of the first connector module are within the gaps.

67. A method for testing an integrated circuit of a device
comprising:

providing a plurality of first connector modules held by a
portion of an apparatus frame, the plurality of first connector
modules including a plurality of terminals and contacts;

providing a plurality of second connector modules held by a
different portion of the apparatus frame, the plurality of second
connector modules including a plurality of terminals and contacts;

and
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engaging the contacts of the first connector modules with the

terminals of the second connector modules.

68.  The method of claim 67, wherein the portion of the apparatus
frame holding the second connector modules is moveable relative to the

portion of the apparatus frame holding the first connector modules.

69.  Anapparatus for testing integrated circuits of a plurality of
devices, comprising;

at least one holder to hold the plurality of devices;

a tester system having a plurality of output channels and an
interconnection scheme to connect the channels to a plurality of
contacts of the plurality of devices, the contacts being connected to
the integrated circuits;

a computer system having memory;

a test program stored in the memory, the test program having
a series of instructions written for testing one of the devices;

a configuration file stored in the memory, the configuration
tile representing a relationship between the channels and the contacts
of the plurality of devices; and

a test application that utilizes the test program and the
configuration file to provide signals in accordance with the series of
instructions of the test program through the channels and the
interconnection scheme to the contacts of the plurality of devices and

the integrated circuits.

70.  The apparatus of claim 69, wherein the interconnection scheme
includes a plurality of configurable pattern generator boards, each
representing a respective zone, the configuration file having a zone number
tield indicating a plurality of respective ones of the zones.
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71.  The apparatus of claim 69, wherein the interconnection scheme
has a plurality of boards inserted into a plurality of slots, the configuration
file having a slot number field indicating a plurality of respective ones of the

slot numbers.

72. The apparatus of claim 69, wherein the configuration file has
channel, number, and pad labeled fields to represent the relationship

between the channels and the contacts of the plurality of devices.

73.  The apparatus of claim 69, wherein the devices are located in
rows and columns, the configuration file having column and row fields

indicating the respective row and column of each respective die.

74.  The apparatus of claim 69, wherein the interconnection scheme
has a line connected to a set of the devices and a plurality of respective
select lines connected to respective ones of the devices of the set, further
comprising a shared resources map in the memory, the shared resources
map representing a relationship between the select lines and the devices of

the set.

75.  The apparatus of claim 74, wherein the select lines are grouped

into chip select states.

76.  The apparatus of claim 74, wherein the shared resources map

forms part of the configuration file.

77.  The apparatus of claim 69, further comprising a test results file
stored in memory, and a processing application that utilizes the test results
file and the configuration file to provide a test report.
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78.  The apparatus of claim 77, wherein the test application utilizes
the test results file to selectively modify signals in accordance with the series
of instructions of the test program through the channels and the
interconnection scheme to the contacts of the plurality of devices and the

integrated circuits.

79.  The apparatus of claim 77, wherein the test application utilizes
the test results file to selectively modify the sequence of signals in
accordance with the series of instructions of the test program through the
channels and the interconnection scheme to the contacts of the plurality of

devices and the integrated circuits.

80. A method of testing integrated circuits of a plurality of
devices, comprising:

storing a test program having a series of instructions written
for testing one of the devices;

storing a configuration file representing a relationship
between a plurality of channels and a plurality of contacts of the
plurality of devices; and

providing signals in accordance with the series of instructions
of the test program through the channels to the plurality of contacts
of the plurality of devices, utilizing thé configuration file to map the
series of instructions of the test program to the plurality of contacts of

the plurality of devices.

8l.  The method of claim 80, wherein the devices are a portion of a

wafer.
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82.  The method of claim 80, further comprising uploading test
results provided from the devices through the configuration scheme and

utilizing the test results and the configuration file to prepare a test report.

83.  The method of claim 82, wherein the test results are uploaded
from memory on a plurality of boards including at least one driver board

and at least one power board.

84.  The method of claim 82, wherein the test results are used to

modify the signals provided to the plurality of devices and the integrated

circuits.

85. The method of claim 82, wherein the test results are used to
modify the application of power provided to the plurality of devices and the

integrated circuits.

86.  The method of claim 84, wherein the test results are used to
modify the signals provided to the plurality of devices and the integrated

circuits to balance their power consumption.

87.  The method of claim 86, wherein the test results are used to

selectively sort devices into groups based upon their power consumption.
88. The method of claim 82, wherein the test results are used to

modify the sequence of signals provided to the plurality of devices and the

integrated circuits.
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89. A software assembly method, comprising:

storing a plurality of net files, each net file having information
representing a scheme of current passing through conductors of a
respective electrical subassembly;

providing an input of an interconnection scheme of a plurality
of the electrical subassemblies connected to one another; and

assembling a plurality of the net files based on the
interconnection scheme to construct a configuration file having
information representing flow of current through the electrical

subassemblies of the interconnection scheme.

90.  The method of claim 89, wherein the input is provided

manually.

91.  The method of claim 89, wherein the electrical subassemblies

include pattern generator, driver, and power boards.

92, The method of claim 91, wherein the electrical subassemblies
include a plurality of pattern generator, driver, and power boards divided
into physical zones with each physical zone including one pattern generator
board, at least one driver board, and at least one power board connected to

one another.
93.  The method of claim 92, wherein the configuration file has a
zone name field indicating a plurality of respective ones of the physical

Zones.

94.  The method of claim 93, wherein physical zones having the

same zone name field are grouped into a logical zone.
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95.  The method of claim 94, wherein the electrical subassemblies
in the logical zone are of the same type and run the same test program at the

same time.

96.  The method of claim 89, wherein the configuration file has
channel number and pad label fields to represent a relationship between

channels and contacts of a plurality of devices.

97.  The method of claim 96, wherein the interconnection scheme
has a line connected to a set of the devices and a plurality of respective
select lines connected to respective ones of the devices of the set, further
comprising using the net files to construct a shared resources map
representing a relationship between the select lines and the devices of the

set.

98.  The method of claim 97, wherein the select lines are grouped

into chip select states.

99.  The method of claim 89, further comprising transferring the
configuration file to a tester apparatus, the tester apparatus including the

electrical subassemblies.

100. A software assembler application, comprising:

a plurality of net files, each file having information
representing a scheme of current passing through conductors of a
respective electrical sub assembly;

an input module to provide an input of an interconnection
scheme of a plurality of electrical sub assemblies; and

an assembly module that assembles a plurality of the net files
based on the interconnection scheme and constructs a configuration
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file having information representing flow of current through the

electrical sub assemblies of the interconnection scheme.

101.  The software assembler application of claim 100, wherein the

input module includes an interface with a list of selectable inputs.

102.  The software assembler application of claim 101, wherein the
interface allows an operator to select the input of the interconnection

scheme.

103.  The software assembler application of claim 100, wherein the
electrical subassemblies are selected from one or more of the group

consisting of a pattern generator board, driver board and a power board.

104.  The software assembler application of claim 100, wherein the
input includes how the electrical subassemblies are to be connected to one

another.

105.  An apparatus for testing a device having an integrated circuit,
comprising:

a frame including a base portion, and test head and thermal
system portions secured to the base portion;

a holder secured to the base portion, the holder being capable
of holding the device;

a test head mounted to the test head portion in a position such
that electric signals can be sent through the test head to the integrated
circuit of the device; and

a thermal system located in a position to cool components of
the test head, and being mounted through the thermal system portion

to the base portion.
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106.  The apparatus of claim 105, wherein the thermal system is
mounted through the thermal system portion to the base portion without

being mounted to the test head portion.

107.  The apparatus of claim 105, wherein the test head includes a
test head support structure, a plurality of electric components mounted to
the test head support structure, and a panel that forms a passage through

which air can flow before flowing over the electric components.

108.  The apparatus of claim 107, wherein the electric components
are boards, the test head support structure having a plurality of slots that
hold the boards.

109.  The apparatus of claim 107, wherein the thermal system
includes a shell through which the air can flow and at least one heat
dissipation device in the shell, the shell forming an interface with the panel,

with a gap being defined between the shell and the panel.

110.  The apparatus of claim 109, wherein the heat dissipation

device includes a plurality of fins over which the air flows.

111.  The apparatus of claim 109, wherein the thermal system
includes a fan that moves the air through the shell.

112, The apparatus of claim 111, wherein the thermal system

includes a variable frequency drive to vary the speed of the fan.

113.  The apparatus of claim 112, wherein the thermal system
includes a thermocouple in the test head portion, and wherein the variable
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frequency drive varies the speed of the fan in accordance with a

measurement of the thermocouple.

114.  The apparatus of claim 105, wherein the thermal system
portion and the test head portion are mounted for pivotal movement

relative to one another.

115.  The apparatus of claim 105, wherein the test head portion and

thermal system portion are mounted on separate sets of arms.

116.  The apparatus of claim 105, wherein the test head portion and

the thermal system portion are mechanically decoupled.

117. An apparatus for testing a device having an integrated circuit,
comprising:

a base portion;

a holder for the device mounted to the base portion;

a test head portion and a thermal system portion mounted to
the base portion;

a test head mounted to the test head portion, the test head
including a test head support structure, a plurality of electric
components mounted to the test head support structure, and a panel
that forms a passage through which air can flow before flowing over
the electric components; and

a thermal system mounted through the thermal system frame
to the base portion, the thermal system including a shell through
which the air can flow and at least one heat dissipation device in the
shell, the shell forming an interface with the panel, with a gap being
defined between the shell and the panel.
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118.  The apparatus of claim 117 wherein the electric components
are boards, the test head support structure having a plurality of slots that
hold the boards, and the thermal system includes a fan that moves the air

through the shell.

119.  The apparatus of claim 118, wherein the thermal system
portion and the test head portion are mounted for pivotal movement

relative to one another.

120. A method for testing a device having an integrated circuit
comprising;:
electrically connecting a tester apparatus with the device; and
cooling the tester apparatus with a thermal system without the

thermal system contacting the tester apparatus.

121. The method of claim 120, wherein:

the test head includes a test head support structure, a plurality
of electric components mounted to the test head support structure,
and a panel that forms a passage through which air can flow before
flowing over the electric components; and

the thermal system is mounted through the thermal system
frame to the base portion, the thermal system including a shell
through which the air can flow and at least one heat dissipation
device in the shell, the shell forming an interface with the panel, with

a gap being defined between the shell and the panel.

122. The method of claim 121, further comprising moving air
through the shell.

95



WO 2006/116767 PCT/US2006/016659

123.  The method of claim 122, wherein a fan moves air through the
shell.

124, The method of claim 120, wherein cooling the tester apparatus
comprises recirculating air from the thermal system back to the tester

apparatus.

125.  The method of claim 120, wherein the thermal system includes

a fan controllable by a variable speed drive.

126.  The method of claim 125, wherein the thermal system includes
a thermocouple connected with the test system, the thermocouple in

communication with the variable speed drive of the fan.

127.  The method of claim 126, further comprising adjusting the

speed of the fan in accordance with a measurement of the thermocouple.

128.  The method of claim 120, wherein cooling the test system

comprises controlling the temperature of the test system.

129. A tester apparatus, comprising:

at least one power terminal for making contact with a power
contact of a device carrying an integrated circuit;

a power supply circuit configured to supply a plurality of
different voltages; and

at least one electric path connecting the power supply circuit

with the power terminal.

130. The apparatus of claim 129, further comprising;

an apparatus frame;
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a holder for the device mounted to the frame; and
a contactor support structure, the power terminal being

located on the contactor support structure.

131.  The apparatus of claim 130, further comprising:
a power board substrate, the power supply circuit and a
portion of the electric path being carried by the power board

substrate.

132.  The apparatus of claim 129, wherein the power supply circuit
includes a power input circuit providing a step voltage, a length of time that
the step voltage is high during a period being adjustable while maintaining
the period, and a maximum voltage constant; and

a power converter circuit, connected to the power input
circuit, converting the step voltage to a supply voltage, a magnitude
of the supply voltage being related to the time that the step voltage is
high during each period of the step voltage.

133.  The apparatus of claim 129, comprising a plurality of power
terminals, each for making contact with a respective contact of a respective
device carrying a respective integrated circuit, and a plurality of electric

paths, each connecting the power supply circuit to a respective terminal.

134.  The apparatus of claim 133, wherein a plurality of the electric
paths is at a plurality of different voltage levels.

135.  The apparatus of claim 134, wherein an adjustment in a
voltage provided by the power supply circuit changes voltages of a subset
of the electric paths in unison, so that the electric paths of the subset are

always at the same voltage.
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136.  The apparatus of claim 129, wherein the plurality of different
voltages comprises a voltage output of 0.5V to 12V at a current of at least

200mA.

137.  The apparatus of claim 129, wherein the plurality of different
voltages comprises a voltage output of 0.1V to 5V at a current of at least

500mA.

138. A method for testing an integrated circuit of a device
comprising:
supplying a plurality of different voltages to at least one
power terminal; and
contacting the at least one power terminal with a power

contact of the device.

139.  The method of claim 138, wherein supplying a plurality of
different voltages comprises:
providing a step voltage; and

converting the step voltage to a supply voltage.

140.  The method of claim 139, wherein the step voltage has a
length of time that the step voltage is high during a period being adjustable
while maintaining the period, and wherein the magnitude of the supply
voltage is related to the time that the step voltage is high during each period
of the step voltage.

141. The method of claim 138, further comprising:
supplying a plurality of different voltages to a plurality of
power terminals; and
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contacting the plurality of power terminals with a plurality of

respective contacts of the device.

142, The method of claim 141, wherein supplying a plurality of
different voltages to a plurality of power terminals comprises supplying

each power terminal with a different voltage level.

143.  The method of claim 141, further comprising adjusting the
supplied voltage.

144. The method of claim 143, wherein adjusting the supplied
voltage changes voltages of a subset of the power terminals in unison, the

subset of power terminals always being at the same voltage.

145.  An apparatus for testing integrated circuits of a plurality of
devices, comprising:

a plurality of power terminals, each for making contact with a
respective power contact of a respective one of the devices;

at least one power supply;

a plurality of electric paths, each connecting said at least one
power supply to a respective one of the power terminals; and

a plurality of individual shut-off circuits, each including a
respective current sense circuit detecting a respective current in a
respective one of the electric paths, and a respective power switch in
a respective one of the electric paths, each power switch being
connected to a respective current sense circuit and turning off when
the current detected by the respective current sense circuit exceeds a

predetermined maximum current.
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146. The apparatus of claim 145, wherein each shut-off circuit
includes a logic device that at least delays activation of the power switch

after the current exceeds the predetermined maximum current.

147.  The apparatus of claim 146, wherein the shut-off circuit
includes a logic switch that turns a shut-off voltage on, the shut-off voltage

being provided to the power switch to turn the power switch off.

148.  The apparatus of claim 147, wherein the power switch is a
MOSFET.

149.  The apparatus of claim 145, further comprising a device shut-
off circuit connected to the power supply, the device shut-off circuit
detecting a current supplied to the device and turning off power to the

device if the detected current exceeds a predetermined current threshold.

150.  The apparatus of claim 145, further comprising a device shut-
off circuit connected to the power supply, the device shut-off circuit
detecting a voltage supplied to the device and turning off power to the

device if the detected voltage exceeds a predetermined voltage threshold.

151. A method of testing integrated circuits of a plurality of
devices, comprising:

providing a power voltage to each integrated circuit;

providing signals to each integrated circuit;

detecting a power current that is provided to each integrated
circuit; and

individually turning the power voltage to one of the
integrated circuits off, if the power current exceeds a predetermined

maximum current.
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152.  The method of claim 151, further comprising delaying turning
the power voltage to the integrated off when the power current exceeds a

predetermined maximum current.

153.  The method of claim 151, wherein turning the power voltage

to one of the integrated circuits off comprises turning a shut-off voltage on.

154.  The method of claim 151, further comprising;

detecting a power current provided to a power terminal of the
device; and

turning the power to the device off if the power current

exceeds a predetermined maximum current.

155.  The method of claim 151, further comprising;

detecting a power voltage provided to a power terminal of the
device; and

turning the power to the device off if the power voltage

exceeds a predetermined maximum voltage.

156.  An apparatus for testing an integrated circuit of a device
comprising:
a power supply;
a test signal line; and
a switching circuit between the power supply and a terminal
for contacting a contact of the device, the switching circuit drawing
current from the terminal when the test signal is provided to the

switching circuit.
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157.  The apparatus of claim 156, wherein the switching circuit

comprises a resistor and a MOSFET.

158.  The apparatus of claim 157, wherein the resistor is connected
to the power supply, and the MOSFET is connected in series after the

resistor.

159.  The apparatus of claim 157, wherein the test signal is provided
to the MOSFET.

160. The apparatus of claim 157, wherein the MOSFET draws
power from the power supply when the test signal is provided to the

switching circuit.

161. A method for testing an integrated circuit of a device
comprising:
providing a test signal to a switching circuit; and
drawing current from the device to the switching circuit when

the switching current receives the test signal.

162.  The method of claim 161, wherein the switching circuit
comprises a MOSFET, and wherein the test signal is provided to the
MOSFET.

163. A method for testing an integrated circuit of a device
comprising:
providing a test signal to a switching circuit;
disabling current to the device; and

providing the current to the switching circuit.

102



WO 2006/116767 PCT/US2006/016659

164. The method of claim 163, wherein the switching circuit
comprises a MOSFET, and wherein the test signal is provided to the
MOSFET.

165. A tester apparatus, comprising:

at least one power terminal for making contact with a power
contact of a device carrying an integrated circuit;

a power supply; and

an electrical path connecting the power supply to the power
terminal, the electrical path including at least a first set of power
conductors electrically parallel to one another, having respective first
ends connected to one another and respective second ends connected

to one another.

166. The tester apparatus of claim 165, further comprising:
a power board substrate, wherein the first set of power

conductors is carried by the power board substrate.

167.  The tester apparatus of claim 166, wherein the first set of

power conductors are traces on the power board substrate.

168.  The tester apparatus of claim 165, wherein the electrical path
includes a second set of power conductors that are electrically in series with
the first set of power conductors, the second set of power conductors being
electrically parallel to one another, having respective first ends connected to

one another and respective second ends connected to one another.

169. The tester apparatus of claim 168, wherein the second set of

power conductors form part of a flexible attachment that further includes a
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nonconductive layer, the power conductors being held within the

nonconductive layer.

170. A method for testing an integrated circuit of a device
comprising:

connecting a power supply with a power terminal of the
device;

providing a plurality of power conductors between the power
supply and the power terminal conductors having respective first
ends connected to one another and respective second ends connected
to one another; and

conducting current from the power supply through the

plurality of power conductors in parallel.

171.  The method of claim 170, wherein conducting the current in

parallel obtains a high-frequency response.

172. An apparatus for testing an integrated circuit of a device
comprising:
a pattern generator board;
a driver board connected to the pattern generator board;
a power board;
an interconnection scheme connecting the driver board and

the power board with the device.

173.  The apparatus of claim 172, wherein each of the pattern
generator board, driver board, power board and interconnection scheme are

configurable.
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174.  The apparatus of claim 172, wherein the number of each of the

pattern generator board, driver board and the power board is configurable.

175.  The apparatus of claim 172, wherein the interconnection
scheme comprises at least a first set of power conductors electrically parallel
to one another, having respective first ends connected to one another and

respective second ends connected to one another.

176.  The apparatus of claim 175, wherein the interconnection
scheme further comprises a second set of power conductors that are
electrically in series with the first set of power conductors, the second set of
power conductors being electrically parallel to one another, having
respective first ends connected to one another and respective second ends

connected to one another.

177. An apparatus for testing a device carrying an integrated
circuit, comprising:

a power terminal for making contact with a power contact of
the device;

a power supply;

an electrical power force path connecting the power supply to
the power terminal;

a ground terminal for making contact with a ground contact of
the device; and

a ground sense feedback circuit connected between the ground
terminal and the electrical power path, the ground sense feedback
circuit utilizing a voltage sensed by the ground terminal to modify a
voltage provided through the electrical power force path to the

power contact.
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178. The apparatus of claim 177, further comprising a plurality of
ground terminals, the ground sense feedback circuit being connected to the

plurality of ground terminals.

179. ‘The apparatus of claim 177, further comprising a plurality of
power terminals, each for making contact with a respective power contact of
a respective device, and a plurality of electrical power force paths, each

connecting a respective power terminal to the power supply.

180. The apparatus of claim 179, wherein the ground sense
feedback circuit is connected to the plurality of electrical power force paths

to modify a voltage of each electrical power force path.

181. The apparatus of claim 177, further comprising a power sense
feedback circuit connected between the power terminal and the electrical
path, the power sense feedback circuit utilizing a voltage sensed by the
power terminal to modify a voltage provided through the electrical force

path to the power contact.

182. The apparatus of claim 181, wherein the power sense feedback
circuit has a reference voltage line, inputs from the reference voltage line
and the power terminals being compared to determine a modification of the

voltage provided through the electrical power force path.

183. The apparatus of claim 181, wherein a voltage sensed by the
ground feedback circuit is used to modify a voltage of the reference voltage

line.

184. The apparatus of claim 177, wherein the ground circuit
comprises an amplifier and a circuit.
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185.  The apparatus of claim 184, wherein the ground circuit
compﬁses a first resistor connected to a first terminal of the amplifier, a
second resistor connected to the second terminal of the amplifier, and a

voltage source connected over the first and second resistors.

186. A method of testing a device having an integrated circuit,
comprising:
providing a power voltage to a power contact of the device;
sensing a ground voltage on a ground contact of the device;
and
modifying the power voltage based on the ground voltage that

is sensed.

187.  The method of claim 186, further comprising:
sensing the power voltage provided to the power contact; and
modifying the power voltage based on the power voltage that

is sensed.

188.  The method of claim 186, wherein sensing the ground voltage

comprises adding the ground voltage to a variable input voltage.

189.  The method of claim 187, further comprising modifying the

power voltage based on a sum of the ground voltage and the power voltage.

190.  The method of claim 188, wherein modifying the power
voltage based on the ground voltage that is sensed comprises, if the sensed
ground voltage is not zero, driving a variable output voltage to the sum of

the ground voltage and the variable input voltage.
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191.  The method of claim 190, wherein modifying the power
voltage based on the ground voltage that is sensed further comprises

providing the variable output voltage to the power contact of the device.

192, An apparatus for testing an integrated circuit of a device,
comprising:

a voltage source;

a voltage switch connected to the voltage source;

a signal source connected to the voltage switch, a signal
provided by the signal source switching the voltage switch so that an
output of the signal switch switches between respective low- and
high-voltage states to create a series of voltage steps;

a damping circuit having an input connected to the output of
the signal switch, the damping circuit reducing a slew rate of each
voltage step, and having an output providing a series of dampened
voltage steps; and

a signal terminal, connected to the output of the damping

circuit, for contacting a contact of the device.

193.  The apparatus of claim 192, further comprising a plurality of
signal terminals, each connected to the damping circuit but located at
different distances from the damping circuit as measured along a path that

current flows from the damping circuit.
194.  The apparatus of claim 192, wherein the damping circuit
includes a resistor in series between the voltage switch and the terminal and

a capacitor connected between a terminal of the resistor and ground.
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195.  The apparatus of claim 192, further comprising a digital-to-
analog converter (DAC), a microprocessor bus line connected to the DAC
for data representing the high and low voltages into the DAC, the high and
low voltages being provided by two output terminals of the DAC.

196. The apparatus of claim 195, wherein the voltage source is

connected between two input terminals of the DAC.

197.  The apparatus of claim 196, wherein the two input terminals of
the DAC are held at positive and negative voltages respectively.

198.  The apparatus of claim 197, further comprising a ground sense
line connected to a ground contact of the device, the input voltages of the

DAC being in part driven by a voltage on the ground sense line.

199.  The apparatus of claim 192, further comprising an amplifier

and a switch between the damping circuit and the signal terminal.

200. The apparatus of claim 192, wherein the output of the voltage
source is a square wave and the output of the damping circuit is a non-

square wave.

201. The apparatus of claim 200, wherein the output of the

damping circuit increases more slowly than the output of the voltage source.

202. A method for testing an integrated circuit of a device
comprising:
providing a signal to a voltage switch, the voltage switch
switching between respective low- and high-voltage states to create a
series of voltage steps to create a series of voltage steps;
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reducing a slew rate of each voltage step to provide a series of
dampened voltage steps; and
providing the series of dampened voltage steps to a contact of

the device.

203.  The method of claim 202, wherein the series of dampened
voltage steps are provided to a plurality of contacts of the device, each of the

contacts at different distances from the path that current flows.

204. A damping circuit for an apparatus for testing an integrated
circuit device comprising:
a voltage switch;
a signal terminal for contacting a contact of the device;
a resistor in series between the voltage switch and the signal
terminal; and
a capacitor connected between a terminal of the resistor and

the signal terminal.

205.  The damping circuit of claim 204, further comprising a
plurality of signal terminals, the capacitor connected between a terminal of
the resistor and the plurality of signal terminals, the signal terminals at
different distances from the capacitor as measured along a path that current

flows from the capacitor.

206.  An apparatus for testing an integrated circuit of a device,
comprising:
at least one frame;
a holder for the device, secured to the frame;

a support structure held by the frame;
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a plurality of terminals held by the support structure, the
holder and support structure being movable relative to one another
so that each one of the terminals releasably makes contact with a
respective contact of the device;

a power source to supply AC and DC power;

a power electrical path connecting the power source to a
power terminal of the terminals held by the support structure;

a signal source;

a plurality of signal electrical paths, each connecting the signal
source to a respective signal terminal of the terminals held by the
support structure;

a ground plate connected to the at least one frame;

an AC ground path interconnecting the terminals and the
ground plate; and

a DC ground path interconnecting the terminals and the

ground plate.

207.  The apparatus of claim 206, wherein the AC ground path and
the DC ground path are electrically separated.

208. The apparatus of claim 207, wherein the AC ground path has a
resistance between 0.5 and 1.5 ohms and the DC ground path has a
resistance between 0.003 and 0.015 ohm:s.

209. The apparatus of claim 206, further comprising a ground pin,

the ground pin connected to the power source.

210. The apparatus of claim 206, wherein the physical space
between the AC power provision, signal line and AC power ground are

small.
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211.  The apparatus of claim 206, wherein the DC ground path is

connected to the support structure.

212, A method for testing an integrated circuit of a device
comprising:
holding the device against a surface of a tester;
contacting terminals on the tester to contacts on the device;
providing signals through the terminals and contacts to the
integrated circuit;

providing AC and DC power to the terminals.

213.  The method of claim 212, wherein providing the AC and DC
power to the terminals comprises electrically separating the AC and DC

power.

214.  The method of claim 212, further comprising providing
separate AC ground and DC ground paths.

215. A board for providing power to an apparatus for testing an
integrated circuit of a device comprising:
a power source to supply AC and DC power;

a power electrical path to connect the power source to a power
terminal of the device;

a ground pin;

an AC ground path interconnecting terminals of the device
and the ground pin; and

a DC ground path interconnecting terminals of the device and

the ground pin.
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216. The board of claim 215, wherein the AC ground path and the
DC ground path are electrically separated.

217.  The board of claim 216, wherein the AC ground path has a
resistance between 0.5 and 1.5 ohms and the DC ground path has a
resistance between 0.003 and 0.015 ohms.

218.  The board of claim 215, wherein the physical space between

the AC power provision, signal line and AC power ground are small.

219. The board of claim 215, further comprising a power board
substrate, the power source, power electrical path, ground pin, and AC and

DC ground paths provided on the power board substrate.

220. Anapparatus for testing integrated circuits of devices,
comprising;:

at least one frame;

a holder for the device, secured to the frame;

a support structure held by the frame;

a plurality of terminals held by the support structure, the
holder and support structure being movable relative to one another
so that each one of the terminals releasably makes contact with a
respective contact of the device;

a power source;

a power electrical path connecting the power source to a
power terminal of the terminals held by the support structure;

a signal source; and

a plurality of signal electrical paths, each connecting the signal
source to a respective signal terminal of the terminals held by the
support structure.
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221.  Anapparatus for testing an integrated circuits on devices
comprising;:

a plurality of electrical subassemblies including a plurality of
pattern generator, driver, and power boards divided into physical
zones with each physical zone including one pattern generator board,
at least one driver board, and at least one power board connected to
one another; and

a configuration file having information representing flow of
current through the electrical subassemblies connected to one another
in an interconnection scheme,

wherein the electrical subassemblies are organized into at least
one logical zone, and wherein the logical zone comprises a plurality

of pattern generators.

222.  The apparatus of claim 221, wherein the electrical
subassemblies are organized into a plurality of logical zones, and wherein

one or more of the logical zones comprises a plurality of pattern generators.

223.  The apparatus of claim 221, wherein the at least one logical

zone is divided into a plurality of the physical zones.

224,  The apparatus of claim 223, wherein the configuration file has
a zone name field indicating a plurality of respective ones of the physical
zones.

225.  The apparatus of claim 224, wherein physical zones having the

same zone name field are grouped into a logical zone.
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226. The apparatus of claim 221, wherein the electrical
subassemblies in the logical zone are of the same type and run the same test

program at the same time.

227. The apparatus of claim 222, wherein the electrical
subassemblies in each of the plurality of logical zones are of the same type
and run the same test program at the same time, and wherein each of the

plurality of logical zones runs a different test program at the same time.

228. A method for testing integrated circuits on devices
comprising:
running more than one test program on the device

simultaneously.

229. The method of claim 228, wherein running more than one test
program on the device simultaneously comprises:

providing a plurality of electrical subassemblies including a
plurality of pattern generator, driver, and power boards divided into
physical zones with each physical zone including one pattern
generator board, at least one driver board, and at least one power
board connected to one another, the electrical subassemblies are
organized into at least one logical zone, and wherein the logical zone
comprises a plurality of pattern generators;

providing a configuration file having information representing
flow of current through the electrical subassemblies connected to one
another in an interconnection scheme; and

running a test program through the at least one logical zone.

230.  The method of claim 228, wherein running more than one test
program on the device simultaneously comprises:
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providing a plurality of electrical subassemblies including a
plurality of pattern generator, driver, and power boards divided into
physical zones with each physical zone including one pattern
generator board, at least one driver board, and at least one power
board connected to one another, the electrical subassemblies are
organized into a plurality of logical zones, and wherein each of the
logical zones comprises a plurality of pattern generators;

providing a configuration file having information representing
flow of current through the electrical subassemblies connected to one
another in an interconnection scheme; and

running a test program through each of the logical zones

simultaneously.

116



WO 2006/116767 PCT/US2006/016659
1/27

10\

I ——
28

] I 20

30

12 AR Vv




WO 2006/116767

2/27
24
/10
20
28
30
18
% 4 7 ¢ 34 E‘E’E”
12 9 /] °o
p——) H
—4)
—
L
N
R, N

PCT/US2006/016659




PCT/US2006/016659

3/27

WO 2006/116767




WO 2006/116767 PCT/US2006/016659
4/27

f //////V//V//\// ”
\ >\N\T\\\\\\W\\\\\\

86 70—/ 156
- 64 AN | g ~ // N
4 B
(2N TN |-
) 66 //{,/{;// : 2Ll J
V7772971 % e
. /4 52@.'4 714 76
FIG. 4
W 54

58
94 4
‘\ﬁimmuummuun 0o0oOooooo
00000000O000oO0OoO0O0on

FIG. 5




WO 2006/116767 PCT/US2006/016659
5/27

98 |

92C 4
92D
92E




WO 2006/116767 PCT/US2006/016659
6/27

126
/

148 128
132 138 [ 142
134 \120 13\6 %ﬂ) 135 134 )
\‘k\\\\\\\\\\\\\\\\\\\\\\ \\\\‘k\\\\\\\\\\\\x\. ==sm=———e

\\& S N,
\\w\\x\\\ \>(\>>>\/\>>>\/\M/\\\\\\\\\\\\\\\\\\x\\\\\ \
48 / 1 40 50 | LR L / \ 1T 11T LS

30
A 146 72
42 144

ANANANNNANAANAN\NNNN\NN\N\ 761330

\

FIG. 7

126

1313i 1201\?8 136 %\im‘( ?je g 10
\ \\%\\ \\\\\\\\\\\\\\\\\\\ R NI
PR )

48 / 140 20 80
/ NNNNANNNNNNNNANNNNSNANN-
130

42 144
VA
XY

FIG. 8

\




WO 2006/116767 PCT/US2006/016659
7/27

126
/

131132\120118 13\6 %ﬂmf 4 112;5 136 1?i4
\ \\\\W\\ \\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\

—_
"\-h
N

/////// 7

\

/¢ 50 _/r//////////// L7777 79 * P
48 140 7 80
/ W LLL L2 130 )
FIG.9
f Predetermined Force

Created By Piston

/

’ I l | l I Time =
FIG.7 FIG.8 FIG.9 TEST FIG.9 FIG.8

Force

FIG. 10



WO 2006/116767 PCT/US2006/016659
8/27

160 FIG. 11
18
AN /44
122
o
38y L=
124 40 164 156 172 120~ | D
% 162 \
174 {70 L
1 | I -
176 7 A u:f T . —
=154 o



PCT/US2006/016659

WO 2006/116767

9/27

o

N

- et - - >
-t o

=t >

et
————r—t— -
e -

- et -

P e B &

.ttt & »

el LTy Y

.- - &

P DU ST Sy Sy
-t b = -

YT Ty pg pup
PPN
PP PRI
>eeetme—sool- ]
YTy N P
PRI
PSR E———
- eses—omom o~ ]
N "o Pttt -
<t e

N o VR

.t O b= -

L PRy S B
- S e e 9] e
LR R E R b DU ot g = PPt
L T B oy B
L R TP B

R R TR B A TSy S Epe pu

- S -t et on o —

I I e ]
LA A A
'

\\\\\\\\\\\&/

222

N\

///

FIG. 13



0
66666666666

10/27

\ !
(14 ¥ [} ] .
N [
1t
] ] et
]
1
v
it
[
[
1)
!y

(K3 'L e e 10 3 ' e e st e e 2 e ]
[ ' [ Pl ot 'y 'y ' 'L et ot . 1 1 1
]
L el IR} 1 ] 3 . [ ] ik ] s '
] N M
[ )
1
[]
()
]
[
]
[
]
:
?

) [ [ [ [ [ s L 'L 'Rl "0 'L ot o ot o
\ [ [ ’ it (s e [} " T L [ ' Wt vt 1
A} ' L] T . [ [ [ [] [
]
4 v (5 v . (]
'
’
'
[] '
]
e
vt
[
'
'




PCT/US2006/016659

WO 2006/116767

11/27

::?1222

204
¥

222

30
~

242
[

o

N

hade it al ol R e CE S
e e e R A R T PR ETR S S P .
B i A L L Sy Ppu DR,
ke e ol ol o L R R T T T o ok - B P
Rt il LR R R T P S T T P
ada el al ol R I R T DT R = PR P

.- - > P B Bt o~ f - —

"""""

"""""

=P e B O e =P e B = ot = - -
bk Dol ol ok ol Sl R 0 B B 0 T U 2 TR = P R
et b v e s o sat—ea- o) ] - - =

.t P - @ @ Bttt B o — =~ -

e T e R b I DT ISy S P S

e il L R R e T Ly B

PP B B @ W B b 0= i o = — —

— -
COS (R DRR

\\\li

\\\\\\\\mm/

NN

\/

228

/
%

N
\

234

p

256

230

N\

226

N\
//

N
B

2517

236
253

238

201—>

248
222

255
252

196
186
1
<

-,

192

i

L

4
LA LI
L

190
)
N

\ nnaaaanann. a4
! !
LA [N
santasaadaeinin ]«

gzgﬂ SRR
192

A

216

218164’
N7z
0

N
N

N

-21

182 —>»

) 232

&

254 ——>
246
188

122

258 7
2047 210 208 %
220
38 —7

FIG. 15



PCT/US2006/016659

WO 2006/116767

12/27

o

N

< 180

OGO - O P W 8 === = ]

e e e L

el ot Ll R B D Sy = B

BB Oe B B B @ OB e ] = ]

.= > ® © ® 8 et ] — ]

el e oL R e ke I T S R

e e e e e e e =

[ ]
L

A=t - > P @ S S e ] — -]

A== - > S 4 .=t o~ -

N Rednsnatatal X R PRSP B

= PR .

|
“ P B B B B B B B 8 G G B O] -1
%

- B B B B 6 8 wh ol el 0 O o] = ]

Lt Sl el R R R R oy

. Bm e 5 & @ @ - 8t 0 = ]~ -]

APt 0 B P @ 1t S g st 0 -] — -]

“N»m“““wwm“““y]/

240

G
\ QA
9

T« 44

18

4/

N 186

i

B Ll
e -*\
ot X T
-
e b dadad
o1 K TS
e Kl 6—
et B DT <
s Bl shadad
B S e
s R sk
s b shndad
R 1 kel
B 28 rhabed
g1 11

|

w4
\\\

\

V4

\\\\\

N
A
\1‘

N

3

N
NN \\/'m\ 2,16

N N

/]

Y

236

253
201 238
—>
248
222

255

252

254 =>>
182 —»

246

210208

38—7

204

///

122

lf
192 <2

FIG. 16

:;Z/’




WO 2006/116767 PCT/US2006/016659
13/27

124 122

44

0 =
I g
5 & -g/
op, &
o0 o '\
2y = ]
o L
o[ ]
3 N 1
'd"\~ o
= | =

120

218
124

N

188
122

38



PCT/US2006/016659

WO 2006/116767

14/27

Hm’:\l\z‘ ’:W 7// 2 ——— //]
Ay N\\\\\.\%//%\VM/V«XJY.\#JW, N
W rrraaraaat o 9 e B2 ASI gy
ﬁ\ / ........:::::u. g ABS .._________.n.mmhn‘ ./ﬂ\h&\"
r-\@‘“‘ W IIIITTTTT] : < ..L»<r!.'>
A\ 7\ /o i -

AV
AV
v /11l NN

=R\ fars
vee =\ 7//AY =

~

=
)
b

L@y e A
\l‘~




WO 2006/116767 PCT/US2006/016659

15/27

264

262 | 2
20 —— A

260 : }

266 H i -

) —
N 2
28
\ : H-HTE DL
24 12

FIG. 19



PCT/US2006/016659

-1 266

WO 2006/116767
/ 20
264 -~ Power Board Power Board
Power Board Power Board
Power Board Power Board
Power Board Power Board
26211 Driver Board Power Board
Driver Board Power Board
Driver Board Power Board
2601~ Pattern Generator Board Power Board
Power Board Pattern Generator Board
Power Board Driver Board

Power Board

Driver Board

Power Board Driver Board
Power Board Power Board
Power Board Power Board
Power Board Power Board
Power Board Power Board

FIG. 20



WO 2006/116767

17/27

PCT/US2006/016659

FIG. 21



PCT/US2006/016659

WO 2006/116767

18/27

¢¢ Ol

_Ilv
92

pieog Jjamod

=

[
pleog Januq

A

09¢ pieog

Jojelauac) uiajed

262
CHCH
CHCH
0zs -~
00¢ CHCH
CHCH .
3
awsyos
7 Uoj98uLI0Y
-Io)uj
9/ ¥34YM

$0€ W3LSAS ¥3LS3L

— o8 ——
viE o4 8le
uoneoydd
synsay 1| | mc__wmmmwew_. > poday 1s9]
| o01¢ 94
uopeinbyuon
e |«
uoneolddy }sa) |
i 808
weiboid 1s8]
90€ ¥3TIOYLNOD W01



WO 2006/116767 PCT/US2006/016659
19/27

Write Test Program
400

Y

Test Application Utilizes Test Program and Data
from Configuration FiLeOtzo Provide Instructions

Y

Boards Provide Signals, Power or Ground Through
Conductors of Intirggnnection Scheme

Y

Test Each Device with Test Program
406

Y

Provide Response from Each Device Through the
Interconnection Scheme and Store on Memory of
the Eggrds

Y

Download Responszs1 (i)nto Test Results File

Y

Processing Application Utilizes Configuration
File to Interprei Igst Results File

Y

Processing Applicatiz?frovides Test Report

FIG. 23




WO 2006/116767 PCT/US2006/016659

type |xs:integer

Zero relative column; is -1 if
not connected fo a die

= conn_type
type | xs:string

1

1

1
waferreqs 1 | Either “D" or “T” for Device
type |wafer_reqsType | or Termination

1.0 = pad_label
Indexed by: zone_nu;nber, type | xs:string
slot number, channel_type, Label of the die-pad the

rab_number ' .
- y resource is connected to; will

pwr_module_number, : ,
channel_number; If attribute be used in programming

values are not valid if set to

20/27
m e e
cartconf {ll}@_ :
type : —
Basic structure of : — column
Cartridge configuration ! type | xs:integer
file I Zero relative column; is -1 if
! not connected to a die
E = row
|
1
|
I
|
1

= term_label
type | xs:string

Label of a

= common_key
type [ xs:integer

Set to -1 if not
= mask
type | xs:integer

Mask-bit; 0 = not masked:;
FIG. 24B 1 = masked

Loy S
FIG. 24A




WO 2006/116767

o]

)

FIG. 24A

cs_map 1
type | cs_mapType = cs_pop

PCT/US2006/016659
21/27

= ¢s_min
type | xs:integer

= ¢s_max
type | xs:string

type | xs:integer

cs_state
type

1.0
Indexed by

= cs_slot
type | xs:integer

= ¢s_channel
type | xs:integer

FIG. 24B



WO 2006/116767

22/27

PCT/US2006/016659

Pattern Generator Board
Net File
422A

Input Module
424

!

Driver Board
Net File
4228

Assembly Module
426

!

Power Board
Net File
422C

Configuration File
312

Interconnection Scheme
Component 1
Net File
4220

Interconnection Scheme
Component 2
Net File
422E

FIG. 25



WO 2006/116767 PCT/US2006/016659

23/27

Store Net Files
450

l

Select Components of Test System and How
They Are Connected to One Another
452

l

Assemble Configuration File from Net Files and
Data Provided Through the Input Module
454

FIG. 26



PCT/US2006/016659

WO 2006/116767

24/27

L¢ Ol

w
flquiassy Jojoejuon

8] abpupen

B 092 B
) pIeog Jojelauas) uiaped All.lv ¢ vy
N Jsjjonuo) waysks
[
S9 SiuBLIOBRY ( 214 90¢
a[qixa){ [eubig = pleog Jsaug J,v A{ 13{joquo) [e307]
o m
SHg 8r13
0W~s| |3 3
o = -
o[ 8 YWO05 < @ AG 1AL AII— .
9y seige) punoig 90 )2 | |3 IE10L SRULRY) 71 é_.wm@ M aASD
sjguuey?) 49 Jo sdnoue) feaibo g oy SDEHOA YOH
d9y SJUeULoERY A JuaLng ybiH '8|0B7) JoMog oLy
9|qI¥a} Jomod 5462 P0G 6M0 fiddng somog a1 ying
i YO0z < ® Az 01 S0 ¢
vy SOREQ PO ATy | L JE10L S19UUEY) 7} — YOU © AS) 01 AGD
4oy sweuoeny | | K] souwey ygo sdnoig jeaBo g oy a0 UBIH
agrad oMo abejjon ubiH A-'A+ :3]qED) Jomod YAt
AF9C pieog Jamod fiddng 1amoq aiq yng
07 PeaH 159 0Ly J8ij0qu0) wayskg

"o




PCT/US2006/016659

WO 2006/116767
25/27
| 2641 264C
Etheme! '\ | Board Level Conlrol
Link ¥ Bulk Power Conlrol
/4 Do O [P el 4
! Seendd | D B AC G,
Board Power Contro | Ground Sense
4 Reference and Mfgéurement gg (G;rr’oupsl cat N
I , Spen L 5120;22:; Pairs Power Fleible Atachment 46P
8§ Logical Systems i
Caftration Conlrol | 1, | 64 Chnnels Each Input:References, Buk é28+Fa1§8+s'AC Grour,
49 Input: PG Index Bus, PG Clocks, Poier,Device Poyer SN0 o6NSe
CalbratonReference, |1 Conol Bus '
N - Ground Sense, 43 Pairs )
Patem Gererle Device Power Timing Perfoms: Voltage Readback Vollage Readbeck Power Flexible Aftachment 46P
PoverTring s\, S/Ema0 Cument Readback | | Curent Reacheck 10BHF, 12845, AC Grotnd,
Romlyss|rouk & Chamel Tingf /11 Ot Fouroge Ground Sense
Baciplae Confol Bus References, Device
/ Qutput Power Control Bus
Power Flexible Attachment 46P
Positve Bulk-Die 1264F, 12845, AC Ground,
Power Supply Bulk Power Supply Ground Sense
4N 14726 V
{} Ground Sense
Board Ground 508 Traces Of
| Power Flex
Ground
foun Board Power System 510 Board Ground Confro
L B e e Sysem 16
8 | Ground iy 80h Ground Sense
- o anel Traces Of
Input: 2 Trace From Each Flex Poer Flet
v 48V Power PN Qutput: Ground Reference For
ToTest Head 4+ Reference System
Negatve Buk Power Supply 48V Brs
HA14%
Ground Plate
il
0C Ground Cables
i)

FIG. 28



PCT/US2006/016659

WO 2006/116767

26/27

6¢ 9l AN "

| esusg m

i punolo _

_ ] _

“.m.mmc._\ﬂ-,----------------:--!--!---._m - |

| L TITIIIIoIoo |

! i

| Juod 1es i~ d e "

RN — eV ] ey !

osueg : J8pUN/IOAQ Ly N k1 2 M ol " "

1 o & "

punols) ! seaw| noIo] ; Hy ugasp

ozl _ A NORIAZ SiqeuEA |

" IVOd4 JNOJBIA = 8SUBS PUNOID) + UYAIA ! | !

opL w i T SIGBLEA | J |

S & F_n ! 1891 (LITITIlIIIzooooz::

1008 S Ae L _

3T SN m
J NO -

dvl wd—d ITT T D PT vl

Iy i 100 M3ISON  AgL 1 UM aszll”

- —— . ¢134SONW ) S B I .l_||_\| "

o068 44 T Juowms | T - AsELT

© dop _ 1 MG0=YL X (AL-AS') _

! ' oNo o !

" r\,)\r ASL S -



PCT/US2006/016659

27/27

WO 2006/116767

(L¥V HOrd) L€ "OI4 0¢ 9OId

ONN i =
_ 8848 i
uojeujuLs| 00€ TTTT _ H. ARY
R m 80. oV — MN—
SYL SvL ShL StL m m
A m VAR
G SR N A
! = 00, —{ 4oui4
T P
I -
i pd N/
IRSIET J L Auﬂ
ot T ¥0L 207
) ova conos | & o
9DE]|oA
90 1 pd !
._. AOL
NG %

S0L Y
292 e sng Jossaooidosoip




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/016659

CLASSIFICATION OF SUBJECT MATT

A. ER
INV. GO1R31/28 GOIR1/073

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIR

Documentation searched other than minimum documentation to the extent that such documents are included in the flelds searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 6 509 751 Bl (MATHIEU GAETAN L ET AL) 1-12
21 January 2003 (2003-01-21)

column 3, line 65 - column 8, line 24;
figure 2

A EP 0 639 777 A (HEWLETT-PACKARD COMPANY) 1-12
22 February 1995 (1995-02-22)

column 4, line 56 — column 10, line 18
A WO 2004/008163 A (AEHR TEST SYSTEMS; 1-12
RICHMOND, DONALD, P., II; JOVANOVIC,
JOVAN; UHER, F)

22 January 2004 (2004-01-22)
paragraphs [0025] - [0035]; claim 14;
figures 1,18

A US 2005/042932 A1 (MOK SAMMY ET AL) 1-12
24 February 2005 (2005-02-24)
paragraphs [0023], [0093] - [0097]

D Further documents are listed in the continuation of Box C. See patent family annex.

* Spegcial categories of cited documents : . . X o

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international " document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to

"L docl_llm;ent whié:lg may tglroi\_rlv doubts on priority claim(s) or involve an inventive step when the document is iaken alone
which is cited to establish the publication date of another *Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to & person skilled
"P" document published prior to the international filing date but in the art. )
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
11 September 2006 19/09/2006
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
Nll_ — 2280 HV Rijswijk ; |

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 3
Fax: (+31-70) 340-3016 Meggyesi, Zoltan

Form PCT/ISA/210 (second sheet) (April 2005)



International application No.

INTERNATIONAL SEARCH REPORT PCT/US2006/016659

Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I—_X:I Claims Nos.: 13-230

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. l_—_l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

N

. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely péid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)




International Application No. PCT/US2006 /016659

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 21

Continuation of Box II.2

Claims Nos.: 13-230

The present application contains 230 claims, of which 43 are
independent. There is no clear distinction between the independent
claims because of overlapping scope. There are so many claims, and they
are drafted in such a way that the claims as a whole are not in
compliance with the provisions of clarity and conciseness of Article 6
PCT, as it is particularly burdensome for a skilled person to establish
the subject-matter for which protection is sought. The non-compliance
with the substantive provisions is to such an extent, that the search
was performed taking into consideration the non-compliance in
determining the extent of the search (PCT Guidelines 9.19 and 9.25).

The search was based on the subject-matter that, as far as can be
understood, could reasonably be expected to be claimed later in the
procedure, and the corresponding claims, namely a contactor assembly as
it is defined by claims 1-12.

The applicant’s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The appiicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Article 17(2) declaration be
overcome.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2006/016659
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6509751 B1 21-01-2003  NONE
EP 0639777 A 22-02-1995  JP 7063788 A 10-03-1995
us 5491427 A 13-02-1996
WO 2004008163 A 22-01-2004 AU 2003249276 Al 02-02-2004
CN 1668929 A 14-09-2005
EP 1523685 A2 20-04-2005
JP 2005533254 T 04-11-2005
US 2005042932 Al 24-02-2005  NONE

Form PCT/ISA/210 (pateni family annex) (April 2005}




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

