
WO 2009/042731PCT1US2008/077586 METHOD AND APPARATUS FOR TESTING
DEVICES USING SERIALLY CONTROLLED INTELLIGENT SWITCHES BACKGROUND OF
THE INVENTION  Field of the Invention [0ool]Embodiments of the
present invention generally relate to wafer probe cards for testing
semiconductor devices and, more specifically, to enhancing the
performance of wafer probe cards. Description of the Related Art
[0m]Testing is an important step in the production of semiconductor
devices for use. Typically, partially or fully completed
semiconductor devices are tested by bringing terminals disposed on an
upper surface of a device to be tested - also referred to as a device
under test (or DUT) - into contact with resilient contact elements,
for example, as contained in a probe card assembly, as part of a test
system. A test system controller with increased test channels can be
a significant cost factor for a test system. Test system controllers
have evolved to increase the number of channels and hence the number
of devices that can be tested in parallel. Unfortunately, the number
of DUTs per wafer has typically outpaced the development of test
system controllers. Conventionally, available channels are typically
inadequate for testing all DUTs on a wafer at the same time.
[0003]One technique to accommodate testing of components on a wafer
with a limited number of test channels is to fan out a signal from a
test system controller in the probe card assembly to multiple
transmission lines. That is, a test signal normally provided to a
single DUT can be fanned out to multiple DUTs in the probe card
assembly. This technique can enable testing of an increased number of
DUTs during a single touchdown for a fixed number of test system
channels. 



[0004]To better assure test integrity with fan out, increased
circuitry can be provided on the probe card assembly to minimize the
effect of a fault on one of the fan out lines (e.g., a short to
ground through the DUT). A fault in a component connected on a fanned
out line can severely attenuate a test signal for all DUTs on the
fanned out test system channel. One solution involves the use of
relays between the channel line branch points and probes to reduce
attenuation caused by the faulty  component. Each relay requires at
least one separate line for controlling its state. A probe card
assembly, however, may include several thousands of such branch
points, requiring several thousands of relays. Including several
thousands of control lines for controlling the relays on the probe
card assembly is undesirable in terms of the required area and in
terms of cost. [0oos]Accordingly, there exists a need in the art for
a method and apparatus for testing semiconductor devices that
attempts to overcome at least the aforementioned deficiencies.
SUMMARY OF THE INVENTION  [0006]Embodiments of the invention can
relate to a probe card assembly. In some embodiments, a probe card
assembly can include a plurality of integrated circuits (ICs)
serially coupled to form a chain, the chain coupled to at least one
serial control line, where the plurality of ICs includes switches
coupled to test probes, each of the switches being programmable
responsive to a control signal on the at least one serial control
line. [0007]Embodiments of the invention can relate to a test
assembly. In some embodiments, a test assembly can include a printed
wiring board including connectors for connecting to test instruments,
and a serial control line providing at least one control signal; a
probe head supporting test probes; and at least one integrated
circuit (IC) coupled to the at least one serial control line, the at
least one IC including switches coupled to at least a portion of the
test probes, each of the switches being programmable responsive to
the control signal transmitted as a sequential bit stream on the
serial control line. 



[0008]Embodiments of the invention can relate to a method of testing
components on a wafer using a probe card assembly. In some
embodiments, a method of testing components on a wafer using a probe
card assembly can include serially shifting a control signal through
a chain comprising a plurality of integrated circuits (ICs) including
a plurality of switches, the plurality of switches being programmed
responsive to the control signal; and communicating test signals
between test probes and test instruments through the plurality of
switches to test the components.  WO 2009/042731PCT/US2008/077586
BRIEF DESCRIPTION OF THE DRAWINGS  [Hos]So that the manner in which
the above recited features of the various embodiments of the present
invention can be understood in detail, a more particular description
of the invention, briefly summarized above and others described
below, may be had by reference to embodiments, some of which are
illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical embodiments of
this invention and are therefore not to be considered limiting of its
scope, for the invention may admit to other equally effective
embodiments. [0010]Figure 1 is a block diagram depicting a test
system according to some embodiments of the invention; [own]Figure 2
depicts the probe card assembly according to some embodiments of the
invention; 



[0012]Figure 3 is a schematic diagram depicting an IC configured to
provide serial controlled intelligent switching according to
embodiments of the invention; [0013]Figure 4 is a block diagram
depicting a control word according to embodiments of the invention;
[00141Figure 5 is a circuit diagram depicting components on the probe
card assembly according to embodiments of the invention; and
[0015]Figure 6 is a flow diagram depicting a method of testing
components on a wafer using a probe card assembly according to
embodiments of the invention. [0pm]Where possible, identical
reference numerals are used herein to designate identical elements
that are common to the figures. The images used in the drawings are
simplified for illustrative purposes and are not necessarily depicted
to scale. DETAILED DESCRIPTION  



[0017]The present invention provides methods and apparatus for
testing devices using serially controlled intelligent switches. The
intelligent switches may be included in ICs, which are coupled to
form a serial chain of ICs. Each of the intelligent switches may be
independently controlled using a serial interface to the chain of
ICs.  Thus, a single serial control line may be used to control a
multiplicity of intelligent switches. By serial, it is meant that
signals on a serial control line may be transmitted as a sequential
bit stream (i.e., transmitted bit-by-bit). The intelligent switches
may be used to fan out test resources on a probe card assembly
configured to test a plurality of devices. The use of a single
control line for a given chain of ICs substantially reduces the
number of control lines required on a probe card assembly. These and
other aspects and embodiments of the invention are described in
detail below. [0018]Figure 1 is a block diagram depicting a test
system 100 according to some embodiments of the invention. The test
system 100 can generally include a test system controller 102, test
instruments 104, and a prober 106. The test system controller 102 can
be coupled to the test instruments 104 by a communication link 108.
The prober 106 can include a stage 110 for mounting a device under
test (DUT) 112 being tested and a probe card assembly 114. The DUT
112 can be any electronic device or devices to be tested.
Non-limiting examples of a suitable DUT include one or more dies of
an unsingulated semiconductor wafer, one or more semiconductor dies
singulated from a wafer (packaged or unpackaged), an array of
singulated semiconductor dies disposed in a carrier or other holding
device, one or more multi-die electronics modules, one or more
printed circuit boards, or any other type of electronic device or
devices. The term DUT, as used herein, can refer to one or a
plurality of such electronic devices. The probe card assembly 114 can
include probes 116 (also referred to as test probes) that contact the
DUT 112. The stage 110 can be movable to contact the DUT 112 with
probes 116. [cm%In the test system 100, test data can be generated by
the test instruments 104 and transmitted through the probe card
assembly 114, the probes 116, and ultimately to the DUT 112. The
generation of the test data may be controlled by the test system
controller 102 (e.g., a general purpose computer). Test results can
then provided from the DUT 112 back through the probe card assembly
114 to the test instruments 104. The test instruments 104 may
transmit the test results to the test system controller 102 for
analysis. [ono]Test data provided from the test instruments 104 can
be divided into 



individual test channels. The test channels can be linked by
connectors 118 to the  WO 2009/042731PCT/US2008/077586 probe card
assembly 114. The connectors 118 may be any suitable connectors, such
as flexible cable connectors, pogo pins, zero insertion force (ZIF)
connectors, or the like. The probe card assembly 114 can fan out each
of the test channels to multiple probes 116. The probe card assembly
114 can include electronics 120 for enabling the fan outs and for
isolating faults on the fan out lines. In some embodiments, the
electronics 120 can include a plurality of intelligent switches.
Groups of the intelligent switches may be implemented using
integrated circuits (ICs). The intelligent switches can be
controllable using one or more serial control lines. Aspects of the
intelligent switches are described below. [0021]Figure 2 depicts the
probe card assembly 114 according to some embodiments of the
invention. The probe card assembly 114 generally acts as an interface
between the test instruments 104 and the OUT 112. The probe card
assembly 114 can include electrical connectors 204 configured to make
electrical connections with a plurality of test channels (not shown)
from the test instruments 104. The probe card assembly 114 can also
include one or more resilient contact elements 226 as test probes.
The resilient contact elements 226 can be configured to be pressed
against, and thus make temporary electrical connections with, one or
more input and/or output terminals 220 of the OUT 112. The resilient
contact elements 226 are typically configured to correspond to
desired terminals 220 of the DUT 112 and may be arranged in one or
more arrays having a desired geometry. [0ozz]The probe card assembly
114 may include one or more substrates configured to support the
connectors 204 and the resilient contact elements 226 and to provide
electrical connections therebetween. The exemplary probe card
assembly 114 shown in Figure 2 has three such substrates, although in
other implementations, the probe card assembly 114 can have more or
fewer substrates. In the embodiment depicted in Figure 2, the probe
card assembly 114 includes a wiring substrate 202 (also referred to
as a printed wiring board), an interposer substrate 208, and a probe
substrate 224 (also referred to as a probe head). The wiring
substrate 202, the interposer substrate 208, and the probe substrate
224 can generally be made of any type of suitable material or
materials, such as, without limitation, printed circuit boards,
ceramics, organic or inorganic materials, and the like, or
combinations thereof.  WO 2009/042731PCT/US2008/077586
[0023]Additionally, the probe card assembly 114 may include one or
more active 



or passive electronic components (such as capacitors, resistors, and
the like). In some embodiments, intelligent switches 230 can be
disposed on the wiring substrate 202. In other embodiments, the
intelligent switches 230 may be disposed on the interposer 408. In
still other embodiments, the intelligent switches 230 may be disposed
on the probe substrate 224 along with the resilient contact elements
226. In other embodiments, the intelligent switches 230 can be
disposed on any combination of one or more of the wiring substrate
202, the interposer substrate 208, and the probe substrate 224.
[0024]Electrically conductive paths (not shown) are typically
provided from the connectors 204 through the various substrates and
the intelligent switches 230 to the resilient contact elements 226.
For example, in the embodiment depicted in Figure 2, electrically
conductive paths (not shown) may be provided from the connectors 204
through the wiring substrate 202 to a plurality of electrically
conductive spring interconnect structures 206. Other electrically
conductive paths (not shown) may be provided from the spring
interconnect structures 206 through the interposer substrate 208 to a
plurality of electrically conductive spring interconnect structures
219. Still other electrically conductive paths (not shown) may
further be provided from the spring interconnect structures 219
through the probe substrate 224 to the resilient contact elements
226. The electrically conductive paths through the wiring substrate
202, the interposer substrate 208, and the probe substrate 224 can
comprise electrically conductive vias, traces, or the like, that may
be disposed on, within, and/or through the wiring substrate 202, the
interposer substrate 208, and the probe substrate 224. The
intelligent switches 230 can be provided on one or more of the wiring
substrate 202, the interposer substrate 208, and/or the probe
substrate 224 in the path of at least some of the aforementioned
electrically conductive paths to enable fan out thereof, as well as
isolation of the fanned out lines from failures on the DUT 112.
[0025]The wiring substrate 202, the interposer substrate 208, and the
probe substrate 224 may be held together by one or more brackets 222
and/or other suitable means (such as by bolts, screws, or other
suitable fasteners). The configuration of the probe card assembly 114
shown in Figure 2 is exemplary only and is simplified for ease of
illustration and discussion and many variations, 6 modifications, and
additions are contemplated. For example, a probe card assembly may
have fewer or more substrates (e.g., 202, 208, 224) than the probe
card assembly 114 shown in Figure 2. As another example, a probe card
assembly may have more than one probe substrate (e.g., 224), and each
such probe substrate may be independently adjustable. Non-limiting
examples of probe card assemblies with multiple probe substrates are
disclosed in United States Patent Application Serial No. 11/165,833,
filed June 24, 2005. Additional non-limiting examples of probe card
assemblies are illustrated in United States Patent No. 5,974,662,
issued November 2, 1999 and United States Patent No. 6,509,751,
issued January 21, 2003, as well as in the aforementioned United
States Patent Application Serial No. 11/165,833. It is contemplated
that various features of the probe card assemblies described in those
patents and application may be implemented in the probe card assembly
114 shown in Figure 2 and that the probe card assemblies described in
the aforementioned patents and application may benefit from the use
of the inventive intelligent switches and their configurations



serial controlled intelligent switching according to some embodiments
of the invention. The IC 300 can include intelligent switches 302-1
through 302-4 (collectively referred to as intelligent switches 302),
a shift register 304, and control logic 305. In the present example,
the control logic 305 can include registers 306 and controller 308.
Each of the intelligent switches 302 can include a switch circuit
310, debounce logic 312, and a current sensor 314. The switch circuit
310, the debounce logic 312, and the current sensor 314 may include
various types of circuits and logic components, such as transistors,
logic gates, flip-flops, comparators, operational amplifiers, and the
like to provide, at least, the functionality described herein. For
purposes of clarity by example, only the intelligent switch 302-1 is
shown in detail. It is to be understood that each of the intelligent
switches 302-2 through 302-4 may be configured identically to the
intelligent switch 302-1. In addition, although only four intelligent
switches are shown, the IC 300 may generally include more or less
than four. [0027]Each of the intelligent switches 302 includes two
terminals, designated 'A' (first terminal) and S' (second terminal).
Each of the intelligent switches 302 may also include a control
terminal, as discussed below. In the illustrated embodiment, the 7
switch circuit 310 can include a single pole, single throw (SPST)
switch. In the closed state, terminal A is connected to terminal B
and current can flow through the switch circuit 310. In the open
state, little or no current flows between terminal A and terminal B.
As described below, one terminal of the switch circuit 310 may be
coupled to a test resource and the other terminal of the switch
circuit 310 may be coupled to a test probe on a probe card assembly.
Although the switch circuit 310 is described as an SPST switch, those
skilled in the art will appreciate that the switch circuit 310 may
generally have one or more poles and one or more throws, along with
the corresponding number of terminals to be switched. [0on]The
current sensor 314 can be configured to measure current flowing
through the switch circuit 310 and asserts a signal if the measured
current exceeds a threshold value (e.g., the current sensor 314
detects an overcurrent condition). The current sensor can be coupled
to each of terminal A and terminal B. The current sensor 314 can be
programmed with a current threshold from the control logic 305.
Accordingly, each of the intelligent switches 302 may be configured
to open responsive to a programmable current level. The current
sensor 314 may also receive a calibration signal from the control
logic 305 that can be used to calibrate the current sensor 314. The
current sensor 314 may be calibrated using well-known techniques. The
current sensor 314 may further receive a sense enable signal from the
control logic 305. The sense enable signal can be used to enable or
disable current sensing by the current sensor 314. [0029]The current
sensor 314 can drive the debounce logic 312 via an output terminal.
The debounce logic 312 enables qualification of the overcurrent
condition in 



the time domain. That is, the debounce logic 312 reports the
overcurrent condition only after the current sensor 314 detects
overcurrent for a threshold time period (referred to as "debounce"
time). If the overcurrent condition exists for the debounce time
period, the debounce logic 312 can cause the switch circuit 310 to
open. Accordingly, each of the intelligent switches 302 may be
configured to open responsive to a programmable current level
existing for a programmable debounce period. The debounce logic 312
may be programmed with a debounce threshold from the control logic
305. The output of the debounce logic 312 can indicate whether the
switch circuit 310 is tripped (opened) due to an overcurrent
condition existing for the debounce time period and thus provides a
"trip status." The trip status 8 



WO 2009/042731PCT/US2008/077586 signal may be provided to the control
logic 305. The debounce logic can be coupled between a control
terminal of the switch circuit and the output terminal of the current
sensor. [0030]The switch circuit 310 can also configured to be open
or closed based on a switch control signal. The switch control signal
may be received from the control logic 305. The switch circuit 310
may report its open or closed status. The switch status may be
provided to the control logic 305. The switch circuit 310 may also
receive a trip enable signal from the control logic 305. The trip
enable signal can be used to enable or disable the trip capability of
the switch circuit 310 in response to an overcurrent indication by
the debounce logic 312. [0031]The intelligent switches 302 can be
programmed by serially shifting a control word into the shift
register 304. Control bits at the "data in" terminal can be shifted
into the shift register 304 in accordance with a clock signal at the
"clock in" terminal, for example. Bits at the end of the shift
register 304 can be shifted out at the "data out" terminal. The clock
signal can be provided at the "clock out" terminal. As described
below, the data out terminal and the clock out terminal of the shift
register 304 may be coupled to data in and clock in terminals,
respectively, of a shift register 304 in another IC to form part of a
serial chain of ICs. The bits in the control word can control
operation of the IC 300. [0032]Figure 4 is a block diagram depicting
a control word 400 according to some embodiments of the invention.
The control word 400 can include control bits 402 and, in some
embodiments, data bits 404. The control bits 402 can be processed by
the controller 308. The controller 308 may obtain or otherwise
analyze the control bits 402 in response to a control enable signal.
In some embodiments, the control bits 402 can include a command 406
and, in some embodiments, a header 408. The command 406 can determine
how the registers 306 will be utilized. The data bits 404 can be
processed by the registers 306. The controller 308, responsive to the
command 406, may cause the data bits 404 to be loaded into the
registers 306 from the shift register 304. In some embodiments, the
controller 308, responsive to the command 406, may cause the data
bits 404 to be loaded into the shift register 304 from the registers
306 (e.g., in case of readback). In yet other embodiments, the
controller 308 may cause some of the data bits 404 to be loaded into
the registers  WO 2009/042731PCT/US2008/077586 



306 from the shift register 304, and other of the data bits 404 to be
loaded into the shift register 304 from the registers 306. In some
embodiments, the data bits 404 can include fields 410 corresponding
to the intelligent switches 302. In the present example, the data
bits 404 can include fields 410-1 through 410-4 corresponding to the
intelligent switches 302-1 through 302-4, respectively. [0033]In some
embodiments, the command 406 may include an instruction to set a
debounce period for each of the intelligent switches 302. For
example, in embodiments where the data bits 404 includes fields 410
corresponding to the switches 302, each of the fields 410 may include
a value that controls the debounce period for a respective one of the
intelligent switches 302. In some embodiments, the command 406 may
include an instruction to set a current threshold for each of the
intelligent switches 302. For example, in embodiments where the data
bits 404 includes fields 410 corresponding to the switches 302, each
of the fields 410 may include a value that controls the current
threshold (sets the current trip) for a respective one of the
intelligent switches 302. In some embodiments, the command 406 may
include an instruction to control the state of the intelligent
switches 302, as well as retrieve state information from the
intelligent switches 302. For example, in embodiments where the data
bits 404 includes fields 410 corresponding to the switches 302, each
of the fields 410 may include one or more values that control one or
more states in a respective one of the intelligent switches 302, such
as an on/off state of the switch circuit 310, sense enable, and trip
enable. In addition, each of the fields 410 may include one or more
writable bits configured to convey one or more status values in a
respective one of the intelligent switches 302, such as switch status
(on or off) and/or trip status (tripped or not tripped). In some
embodiments, the command may include an instruction to calibrate the
current sensor 314 in each of the intelligent switches 302. Although
the command 406 has been described as having a field per switch by
way of example, it is to be understood that the command may have less
fields than switches. In such cases, a field may apply to more than
one of the switches. [0034]The transfer of data between the shift
register 304 and the control logic 305 may occur according to the
control enable signal. For example, if the control enable signal is
asserted, the data transfer occurs. The control enable signal may be
applied to each of the ICs in a chain such that data transfer occurs
in each of the ICs. Once 10  transfer is complete, the control enable
signal may be de-asserted. At such time, bits in the shift register
304 may be shifted out the "data out" terminal in accordance with a
clock signal at the "clock in" terminal. The bits may be shifted out
in each of the ICs in a chain in accordance with the clock signal.
The clock signal is provided at the "clock out" terminal. In this
manner, data associated with the intelligent switches 302 (as well as
other intelligent switches in other ICs of the chain), such as trip
status and/or switch status, may be read back via serial stream from
the shift register 304. [0035]Figure 5 is a circuit diagram depicting
components on a probe card 



assembly 114 according to some embodiments of the invention. The test
instruments 104 can generally include a plurality of test resources
(generally referred to as resources) and at least one controller 508.
The resources may include any combination of voltage supply resources
that supply voltage to the OUT 112, digital resources that supply
digital signals to the OUT 112, and/or analog resources that supply
analog signals to the OUT 112. An exemplary set of resources 502-1
through 502-N (generally referred to as resources 502) is shown in
Figure 5, where N is an integer greater than one. In the example
shown in Figure 5, the OUT 112 includes a set of devices 504-1
through 504-M (generally referred to as devices 504), where M is an
integer greater than one. That is, the OUT 112 includes multiple test
sites (devices to be tested). [0036]The resources 502 can be
associated with the devices 504 through ICs 506-1 through 506-K
(generally referred to as ICs 506), where K is an integer greater
than zero. Each of the ICs 506 may be implemented similar to the IC
300 described above. That is, each of the ICs 506 may include a
plurality of intelligent switches that are programmable by serially
loading a control word into a shift register, as described above. In
the present example, the resource 502-1 is shown coupled to an
intelligent switch in each of the ICs 506. Others of the resources
502 may be coupled to other intelligent switches in the ICs 506 in a
similar manner (such connections are omitted for clarity). The
intelligent switches in the ICs 506 can be in communication with the
devices 504 through temporary pressure connections 505. The temporary
pressure connections may be effected using test probes, as described
above. At least one of the intelligent switches in an IC 506 may
switch a test signal applied to one of the test probes by the test
instruments (e.g., application of test signal to a DUT). At least one
of the intelligent switches in an IC 506 may switch a test signal
applied to the test instruments by one of the test probes (e.g., read
back of test signal from a DUT). [0037]In the present example, the
intelligent switches in the IC 506-1 can be in communication with to
the device 504-1, the intelligent switches in the IC 506-2 can be in
communication with to the device 504-2, and so on. In this manner,
the resource 502-1 can be distributed among the devices 504. If any
one of the devices 504 draws too much current (i.e., a current
greater than a threshold current), the corresponding intelligent
switch in the corresponding one of the ICs 506 can be set to trip and
thus isolate the device from the resource 502-1. The other devices
can continue to receive the resource output without operational
effect. The configuration of resources, ICs, and devices shown in
FIG. 5 is merely exemplary. In other configurations, a resource may
be coupled to more than one terminal of an IC (i.e., more than one
intelligent switch in an IC). Likewise, an IC may be coupled to more
than one device (i.e., more than one intelligent switch in an IC may
drive a single device). There may be more or less resources than ICs,
and there may be more or less ICs than devices. [0038]The ICs 506 can
form a serial chain of ICs. The controller 508 can be coupled to a
serial input of the IC 506-1 through a serial interface 510. A serial
output of the IC 506-1 can be coupled to a serial input of the IC
506-2, a serial output of the IC 506-2 cab be coupled to a serial
input of the IC 506-3, and so on to form the serial chain. The
controller 508 can drive the chain of ICs with a control signal that
loads a control word into each of the ICs 506. As described above,



[0039]In the present example, a single chain of ICs 506 is provided.
In some embodiments, multiple chains of ICs may be provided. In such
embodiments, the controller 508 may include a plurality of serial
interfaces 510 for serially controlling a plurality of IC chains 506.
In other embodiments, the test instruments 104 may include multiple
controllers for driving multiple chains of ICs. In other embodiments,
one or more controllers 508 may provide multiple serial interfaces
510 to the IC chain 506. That is, the IC chain 506 may receive and
propagate a plurality of serial control signals. Each serial control
signal may control a group of one or more intelligent switches in
each of the ICs 506. [0040]FIG. 6 is a flow diagram depicting a
process 600 of testing components on a wafer using a probe card
assembly according to some embodiments of the invention. In the
process 600, a control signal is serially shifted through a chain of
ICs (plurality of ICs) to program a plurality of intelligent switches
(block 602). The control signal may be shifted through the chain in
one or more iterations to perform one or more operations. In some
embodiments, bits of the control signal (first bits) can be loaded
into a shift register in each of the ICs to selective enable a
programmable current trip and a current sensing capability for each
of the plurality of intelligent switches. In some embodiments, bits
of the control signal (second bits) can be loaded into the shift
register in each of the ICs to program a current threshold of the
programmable current trip for each of the intelligent switches. In
some embodiments, bits of the control signal (third bits) can be
loaded into the shift register of each of the ICs to program a
debounce time of the programmable current trip for each of the
intelligent switches. In some embodiments, bits of the control signal
(fourth bits) can be loaded into the shift register of each of the
ICs to cause calibration of the current sensing capability of the
intelligent switches. In some embodiments, a combination of the
aforementioned operations can be performed at block 602. [00411In
some embodiments, a readback signal may be captured from the chain of
ICs (block 604). The readback signal may include bits (fifth bits)
indicative of status of the intelligent switches in the ICs. As
described above, the readback signal may be captured by shifting bits
out of the shift register in each of the ICs. Test signals may be
communicated between test probes and test instruments through the
intelligent switches to test the components (block 606). In some
embodiments, a readback signal may be captured from the chain of ICs
(block 608). The readback 



13  signal may include bits indicative of status of the intelligent
switches in the ICs subsequent to testing of the components. This can
provide an indication of which of the intelligent switches may having
tripped due to an overcurrent condition, and thus an indication of
which of the components being tested may be faulty. Thus, the
readback signal can enable localization of faults among the
components being tested. [0042]Thus, methods and apparatus for
testing devices using serially controlled intelligent switches have
been described. The intelligent switches may be included in ICs,
which are coupled to form a serial chain of ICs. Each of the
intelligent switches may be independently controlled using a serial
interface to the chain of ICs. Hence, a single serial control line
may be used to control a multiplicity of intelligent switches. The
intelligent switches may be used to fan out test resources on a probe
card assembly configured to test a plurality of devices. The use of a
single control line for a given chain of ICs substantially reduces
the number of control lines required on a probe card assembly. Each
of the intelligent switches may have a programmable current trip
capability. Switch-by-switch current limit thresholds can be used to
prevent damage to devices under test and to test resources. Data
produced by the intelligent switches may be read back from the chain
of ICs over the serial interface. This switch-by-switch readback
capability can assist in the process of fault isolation among the
devices under test. [0043]While the foregoing is directed to
embodiments of the present invention, other and further embodiments
of the invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the claims that
follow.  Claims:  1. A probe card assembly, comprising:       a
plurality of integrated circuits (ICs) serially coupled to form a
chain, the chain coupled to at least one serial control line, the
plurality of ICs including switches coupled to test probes, each of
the switches being programmable responsive to a control signal on the
at least one serial control line; 



wherein each of the switches can open or close a circuit through the
switch; and       wherein each of the switches is configured to open
if a current level through the circuit exceeds a threshold value,
wherein each of the switches is configured to open responsive to a
programmable current level, and each of the switches is configured to
open responsive to the programmable current level existing for a
programmable debounce period.  2. The probe card assembly of claim 1,
wherein each of the plurality of ICs includes a shift register
configured to store bits of a control word provided by the control
signal.  3. The probe card assembly of claim 2, wherein each of the
plurality of ICs includes control logic, the shift register driving
the control logic to program the plurality of switches.  4. The probe
card assembly of claim 1, wherein each of the plurality of IC's
includes at most four of the switches.  5. A probe card assembly,
comprising:  



a plurality of integrated circuits (ICs) serially coupled to form a
chain, the chain coupled to at least one serial control line, the
plurality of ICs including switches coupled to test probes, each of
the switches being programmable responsive to a control signal on the
at least one serial control line, wherein each of the switches
comprises:       a switch circuit having a first terminal, a second
terminal, and a control terminal;       a current sensor coupled to
each of the first terminal and the second terminal, the current
sensor having an output terminal; and       debounce logic coupled
between the control terminal of the switch circuit and the output
terminal of the current sensor.  6. A test assembly, comprising:
a printed wiring board including connectors for connecting to test
instruments, and a serial control line providing a control signal; a
probe head supporting test probes; and       at least one integrated
circuit (IC) coupled to the serial control line, the at least one IC
including switches coupled to at least a portion of the test probes,
each of the switches being programmable responsive to the control
signal transmitted as a sequential bit stream on the serial control
line, where each of the switches is configured to open responsive to
a programmable current level existing for a programmable debounce
period.  7. A method of testing components on a wafer using a probe
card assembly, comprising:       serially shifting a control signal
through a chain comprising a plurality of integrated circuits (ICs)
including a plurality of switches, the plurality of switches being
programmed responsive to the control signal;  



communicating test signals between test probes and test instruments
through the plurality of switches to test the components; and
wherein the act of serially shifting comprises loading first bits of
the control signal into a shift register of each of the plurality of
ICs, the first bits selectively enabling a programmable current trip
and a current sensing capability for each of the plurality of
switches.  8. The method of claim 7, wherein the act of serially
shifting further comprises:       loading second bits of the control
signal into the shift register of each of the plurality of ICs, the
second bits programming a current threshold of the programmable
current trip for each of the plurality of switches. 9. The method of
claim 8, wherein the act of serially shifting further comprises:
loading third bits of the control signal into the shift register of
each of the plurality of ICs, the third bits programming a debounce
time of the programmable current trip for each of the plurality of
switches.  10. The method of claim 7, wherein the act of serially
shifting comprises loading bits of the control signal into a shift
register of each of the plurality of ICs, the bits causing
calibration of a current sensing capability of each of the plurality
of switches.  11. The method of claim 7, further comprising:
capturing a readback signal from the chain, the read back signal
including bits indicative of status for each of the plurality of
switches. 


