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PROBE CARD ASSEMBLY WITH A DIELECTRIC STRUCTURE

Field Of The Invention

[0001] The invention relates to probe cards such as those used for testing semiconductor
devices and, more particularly to an improved probe card with a dielectric interface for

improving power delivery. The invention is also applicable to sockets used to test packages.

Backeround Of The Invention

[0002] Probe cards are commonly used in the testing of integrated circuit devices, including
memory chips. Certain conventional probe cards have, on one side, an array of metal probes
that are arranged to make contact with external electrical contacts, usually in the form of pads
or bumps, on the semiconductor device under test. The arrangement of the probes is dictated
by the aﬁangement of the pads or bumps on the device. The probes are typically mounted
within a probe head. The opposite ends of the probes may be connected to, for example, a
space transformer. One form of space transformer is a multi-layer ceramic structure, in which
conductive paths from the probes are routed through and between the layers, emerging on the
back side of the space transformer as contact pads that are more widely spaced apart than the
probes. Contacts pads may then be connected by telescopic “pogo pins” to a printed circuit
board (PCB) that has traces that can be connected to a test circuit. The PCB may also be a

multi-layer structure within which the spacing of the electrical paths is further increased.

[0003] Within the probe card or probe card assembly there are, thus, a large number of
electrical paths located close together and with shapes that are, to a considerable extent,
dictated by the problem of physically connecting the paths to the pads on the semiconductor
device under test. As a result, significant inductances can arise within and between the
electrical paths. These inductances can result in the effective power supply voltage (Vce —
Vanp) being appreciably less at the probes than it is on the PCB. If the discrepancy (Vproor)
exceeds a certain level (e.g., more than 20%)), it can interfere with the testing of the

semiconductor devices.

[0004] One solution to reducing the effect of the inductances is to decouple the power
delivery. This may be done, for example, by placing decoupling capacitors between the
power leads on the PCB and on the back side of the space transformer. This is illustrated in
Figs. 1 and 2. Typically, locating decoupling capacitors on the probe side of the space

transformer has not been practical due to the close spacing of the probes, and since it is
-1-
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desirable to permit free and uniform movement of the probes as the probe card engages the

semiconductor device under test.

[0005] Further, conventional approaches using decoupling capacitors typically do not
adequately account for inductance problems related to the exposed conductors downstream of
the decoupling capacitors (e.g., the conductors in the space transformer, the conductive
probes themselves extending from a probe head, etc.). Thus, it would be desirable to provide
an improved apparatus and method for reducing undesirable inductance in connection with a

probe card assembly.

Summary Of The Invention

[0006] According to an exemplary embodiment of the present invention, a probe card
assembly for providing electrical interconnection between a semiconductor device to be
tested and a test system is provided. The probe card assembly includes a plurality of probes
supported by a support substrate, each of the plurality of probes including an end portion
extending away from the support substrate. The end portion is configured to be electrically
connected to a semiconductor device to be tested. The probe card assembly also includes a
dielectric sheet positioned between the support substrate and the end portion of the plurality

of probes such that the probes extend through apertures defined by the dielectric sheet.

[0007] According to another exemplary embodiment of the present invention, another probe
card assembly for providing electrical interconnection between a semiconductor device to be
tested and a test system is provided. The probe card assembly includes a plurality of probes
supported by a support substrate, each of the plurality of probes including an end portion
extending away from the support substrate. The end portion is configured to be electrically
connected to a semiconductor device to be tested. The probe card assembly also includes a
dielectric strip coupled to a side of at least a portion of the plurality of probes at a position on

the probes between the support substrate and the end portion of the probes.

[0008] The basic aspects of the present invention may be combined in a number of forms.
The preferred aspects of the various constructions may be used in conjunction with one
another or used alone. The various features provide certain advantages over the prior art.
These advantages will be described herein and will be understood by those skilled in the art

upon reviewing the description and drawings.
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Brief Description Of The Drawings

[0009] For the purpose of illustrating the invention, there are shown in the drawings forms
of the invention which are presently preferred; it being understood, however, that this

invention is not limited to the precise arrangements and instrumentalities shown.
[0010] Fig. 1 is a schematic representation of a conventional probe card assembly;
[0011] Fig. 2 is a power flow diagram of a conventional probe card assembly;

[0012] Fig. 3 is a schematic view of a portion of a probe card assembly in accordance with

an exemplary embodiment of the present invention;

[0013] Fig. 4 is a plan view of a template forming part of the probe card assembly shown in
Fig. 3;

[0014] Fig. 5is a schematic circuit diagram illustrating aspects of the operation of the probe

card assembly shown in Fig. 3;

[0015] Fig. 6A is a side view of a portion of a probe card assembly in accordance with an

exemplary embodiment of the present invention; and
[0016] Fig. 6B is a top view of a portion of the structure of Fig. 6A.

Detailed Description Of The Drawings

[0017] As used herein, the terms “probe,” “probe pin,” and “probe element” refer to a
contact element configured to contact a semiconductor device to be tested. Exemplary probes
include wire bonded contact elements, pick and place type contact elements, plated-up
contact elements, and any of a number of other contact element structures configured to
contact a semiconductor device to be tested (e.g., through contact pads or the like on the
semiconductor device). The probes may be of monolithic construction, may be plated with a
coating (e.g., a gold coating over all or a portion of the probe), or may be constructed of
multiple materials or components (e.g., a layered construction, a construction including an

affixed tip structure, etc).
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[0018] As used herein, the term “support substrate” refers to any of a number of structures

configured to support the probes which are configured to extend toward and contact a
semiconductor device to be tested. For example, the support substrate may be a multi-layer
ceramic substrate, a polyimide substrate, or any of a number of other types of substrates. For

example, the support substrate may be a space transformer.

[0019] Referring to the drawings, wherein like reference numerals identify similar elements
in the various figures, there is shown in Figs. 3-5 one embodiment of a probe card assembly
or probe card according to the present invention, indicated generally by the reference numeral
10. The exemplary probe card assembly 10 includes a power supply 12, a printed circuit
board (PCB) 14, a space transformer 16, and a probe head 18. The PCB 14 may be connected

to the space transformer 16 by an array of pogo pins 20.

[0020] The probe head 18 includes a large number of probe pins that, in use of the probe
card assembly 10, are intended to engage external pads, bumps, or other electrical contacts on
an integrated circuit (IC) device 24 that is to be tested. It is contemplated that the present
invention is applicable to the testing of integrated circuit devices in a number of forms,
including but not limited to integrated circuit devices on a wafer (i.e., prior to singulation
from the wafer) and integrated circuit devices after singulation from a wafer (e.g., packaged
integrated circuit devices). The probe pins comprise power probe pins 22 (including ground
probe pins that are used by the circuits supplying power to the device 24 under test) and
signal probe pins 23. The probe pins 22, 23 may be curved into a slight S-shape so as to
provide a degree of flexibility in the vertical direction. When the probe test assembly 10 is
brought into engagement with a device 24, the probe pins 22, 23 flex resiliently so as to result
in the application of a contact force on the pads of the device 24, while at the same time
providing vertical displacement to accommodate slight departures from planarity (e.g.,
departures from planarity related to device 24, probe card assembly 10, the contact location
on tt;e device to be tested, etc.). To avoid the probe pins 22, 23 touching each other as they

flex, they may have the same shape and be provided in the same orientation.

[0021] In the probe card assembly 10 shown in Fig. 3, live and ground power leads 26, 28
from the power supply 12 are connected to live and ground power tracks 30, 32 within the

PCB 14. The PCB 14 also has signal tracks 34. As discussed above, the arrangement of the
tracks can result in appreciable inductances 36 (see Fig. 5) arising between the power tracks.

To compensate for the inductances, decoupling capacitors 38 (see Figs. 3 and 5) are provided
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between the live power tracks 30 and the ground power tracks 32 on the PCB 14. The

decoupling capacitors 38 serve to reduce the effect of the inductances 36 and to improve the
slow transient power supply to the device 24 under test. As described herein, the phrase
“slow transient” refers to load changes in a probe card that, if any voltage correction is
desired, a power supply can correct with a feedback loop. Time periods which are considered
“slow” may differ from system-to-system depending on the power supply feedback loop
bandwidth. However, generally, load changes that occur over about a microsecond time
frame are considered slow transients, whereas load changes that occur over a nanosecond

time frame are currently considered fast transients.

[0022] In the illustrated embodiment, the tracks 30, 32, 34 are connected electrically to the
pogo pins 20, which are electrically connected to the space transformer 16. The pogo pins

20, because they are close together, may also produce inductances 40 (See Fig. 5).

[0023] The exemplary space transformer 16 is illustrated as a multi-layer ceramic structure,
with conductive paths formed by tracks 42 between the layers 44 and vias 46 through the
layers. The paths 42, 46 serve to connect the pogo pins 20 with the probe pins 22, 23. The
pogo pins 20 are typically more widely spaced than the probe pins 22, 23, and may be in a
different pattern or arrangement. In addition, there may be several power probe pins 22 if, for
example, the device 24 under test is a wafer containing several independent integrated
circuits. The paths 42, 46 within the space transformer 16 may then connect several power
probe pins 22 to a single pair of power pogo pins 20. As a result, the internal configuration of
the space transformer 16 may, for example, be somewhat complicated, and inductances 48

within the space transformer may be significant.

[0024] Decoupling capacitors 50 are provided on the face of the space transformer 16
towards the PCB 14. These capacitors compensate to some extent for inductances in the pogo
pins 20 and in the space transformer 16, and improve the fast transient power supply to the
device 24 under test. However, because of their location, the capacitors 50 may not
compensate well for inductance that is generated by the paths 42, 46 within the space

transformer.

[0025] The power probe pins 22 also have inductances 52, for which the capacitors 50 may

not effectively compensate. The probe pins also have capacitances, however, those

capacitances are typically not sufficiently large to compensate for the inductances 52. In

order to address the capacitances described above, the probe card assembly 10 is provided
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with a template 54 which defines holes/apertures through which the probe pins 22, 23 extend.

As shown in Fig. 4, the template 54 consists of a sheet of material of high dielectric
coefficient. Exemplary materials include, for example, niobium oxide, a polyimide liquid
crystal polymer, a member of the barium titanate family (e.g., BaSrTiO3 having a dielectric
constant of approximately 300), a ceramic such as PbLaZrTiO3 (having a dielectric constant
of greater than 2500), etc. The thickness will be adjusted to provide the desired capacitance
level, but should not exceed the probe height nor obstruct the probe operation (e.g., flexing

during contact).

[0026] As shown in Fig. 4, the template 54 defines holes 56 for power probe pins 22 and
holes 58 for signal probe pins 23. The holes 56 for power probe pins 22 are preferably
configured to be large enough that the power probe pins are not restrained when the probe
pins are unloaded, but small enough such that the lateral deflection (buckling) of the power
probe pins when the probe test assembly 10 engages a device 24 under test will cause the pins
to contact the sides of the holes 56. The holes 58 for signal probe pins 23 are preferably
formed larger than the holes 56, such that the signal probe pins do not contact the rims of the
holes 58 under load. The high dielectric coefficient material of the template 54 establishes a
substantial capacitance between the power probe pins 22, while the larger holes 58 provide an
air gap that isolates the signal probe pins 23, thereby preventing undesired capacitive
coupling between the power probe pins 22 and the signal probe pins 23. The template is
preferably located as close as possible to probe tips in order to reduce the inductance affect up
to that point. Potential factors influencing the location of the template relative to the probe
tips include (1) the planarity of the probe tips and (2) debris accumulation that could result in
damage to the probes. Since the probes will flex in approximately the same direction and in
approximately the same amount laterally, the dielectric template may also move the same
amount. If there are discrepancies in probe planarity, the dielectric template can, potentially,
absorb or inhibit some of the unequal probe flexing, depending on the template location along

the probe length.

[0027] In the embodiment shown in Fig. 4, the template 54 has a layer of metallization 60,
which covers one surface except for annular spaces 62 around the holes 56, 58. The
metallization layer 60 (e.g., Cu, Au, Nickel, alloys thereof, etc.) is preferably disposed on the
surface of the template 54 configured to be adjaceﬁt a semiconductor device to be tested. The
metallization layer may be applied, for example, through a plating process, where the annular

spaces may be etched away after such a plating process, or masked during the plating process.
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The annular spaces 62 around the holes 56 for power probe pins 22 define capacitors of

known, controllable capacitance between the power probe pins 22 and the metallization 60.
The metallization 60 electrically connects the capacitors formed by the annular spaces 62
around different power probe pins 22, thus providing a controllable capacitance between the
power probe pins. The annular spaces 62 around the holes, including the holes 58 for signal
probe pins 23, also serve to guard against electrical contact between the probe pins and the

metallization 60.

[0028] It is also contemplated that a metallic material may be applied to a portion of the
surface of the template in configurations other than a full layer. For example, depending
upon the desired electrical (e.g., capacitive, inductive, etc.) effect, the metallic material may

selectively be applied as strips on the template, in specific regions of the template, etc.

[0029] The position of the template 54, close to the tips of the probe pins 22, makes
possible a high level of decoupling not only of inductances in the space transformer 16 but
also of inductances in the probe pins 22 themselves, and improves the very fast transient

power supply to the device 24 under test.

[0030] The invention herein has been described and illustrated with respect to certain
exemplary embodiments. It should be understood by those skilled in the art that the
foregoing and various other changes, omissions and additions may be made therein and

thereto, without departing from the spirit and scope of the present invention.

[0031] For example, although an embodiment has been described that uses a space
transformer 16, if the spacing of the contact pads on the device 24 being tested is sufficiently
wide, for example in the case of a test socket for a packaged or partially packaged IC device,
the space transformer may be omitted. Also, while an embodiment has been described that

uses pogo pins 20, other forms of interconnection, such as an interposer, may be used instead.

[0032] Tt will be understood by those skilled in the art that the actual pattern of power tracks
30, 32 and signal tracks 34 and tracks 44 is typically considerably more complicated than is

shown symbolically in Fig. 3.

[0033] Although in Fig, 4 the annular spaces 62 are shown as substantially uniform, they
could be varied. For example, the annular spaces 62 around different holes 56 could be of
different widths, to provide different capacitances for different power probe pins 22. For

example, if the direction of bending of the probe pins 22, 23 is known, then the annular
7-
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spaces need not be uniform since the capacitance is determined largely by the width of the

annular space 62 at the side toward which the power probe pin 22 bends in use. Thus, the
location of the remainder of the metallization edges of the space 62 may be set largely by
manufacturing convenience. It is also not necessary for either the holes 56, 58 in the

dielectric template 54 or the spaces in the metallization 60 to be circular, especially if the

holes are formed by a process other than drilling.

[0034] Although in Fig. 4 the dielectric template 54 is shown with a rectangular array of
holes 54, and 56, the holes 54, 56 may be in a different pattern, depending on the arrangement
of probe pins 22, 23 on a particular probe card 10, which may in turn be dependent on the

arrangement of the contact pads on the device 24 under test,

[0035] It should be readily apparent that there is no need for separate holes 58 for each of
signal probe pins 23. Instead, it may be desirable to form an enlarged opening in the template

through which multiple signal pins pass.

[0036] The dielectric template of the present invention may be secured directly to the
probes of the probe card assembly (e.g., using an adhesive, heat, pressing, or any of a number
of other methods) as shown in Fig. 3. Alternatively, the dielectric template may be secured to
another structure located between the probe substrate (e.g., a space transformer) and the probe
tips. For example, such a structure may be a polymer film (e.g., a polyimide film, LCP with

defined metal capacitor traces) attached to a lower die of a probe head.

[0037] According to another exemplary embodiment of the present invention, a dielectric
template is not employed as in Figs. 3-4. Rather, a strip of dielectric material may be directly
applied to a row or column of probes. For example, such a strip may be applied to the probes
using an adhesive (e.g., similar to the application of a strip of tape), through the application of

heat, etc. Figs. 6A-B illustrate an exemplary embodiment of such a configuration.

[0038] Fig. 6A is a side view of a portion of a probe card assembly including probe
substrate 60 (e.g., a space transformer, PCB, etc.) and a plurality of probes 62 (where the
probes may have a number of configurations including square, rectangular or round cross
sections) extending therefrom. Dielectric strip 64 is applied across a portion of probes 60.
For example, dielectric strip 64 may be applied across only the power probes (including
ground probes), so that the signal probes do not contact dielectric sirip 64. In the exemplary

embodiment of the present invention shown in Fig. 6A. metallic contacts 66 are applied to (or

8-
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integrated as part of ) the surface of dielectric strip 64 opposite probes 62 (i.e., the metallic

contacts are not intended to be in contact with the probes in this embodiment, but they may be
in another embodiment of the present invention). This is made further clear in Fig. 6B, which
is a top view of a portion of the structure of Fig. 6B (with probe substrate 60 and other probes
omitted for simplicity). In certain embodiments of the present invention, a metallic material
may be disposed in a continuous length along the surface of the dielectric strip as opposed to

piecemeal contacts 66 as illustrated.

[0039] As the desired design of a given probe card assembly may dictate, a number of
dielectric strips such as that illustrated in Figs. 6A-B may be included in the probe card

assembly.

[0040] The dielectric constant of the dielectric template described herein, as well as the
dielectric strip described in connection with Figs. 6A-B, has a suitable dielectric constant of

at least 10, and preferably at least 100.

[0041] The present invention may be embodied in other specific forms without departing
from the spirit or essential attributes thereof and, accordingly, reference should be made to
the appended claims, rather than to the foregoing specification, as indicating the scope of the

invention.
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CLAIMS

What is claimed is:

1. A probe card assembly for providing electrical interconnection between a
semiconductor device to be tested and a test system, the probe card assembly comprising:

a plurality of probes supported by a support substrate, each of the plurality of probes
including an end portion extending away from the support substrate, the end portion being
configured to be electrically connected to a semiconductor device to be tested; and

a dielectric sheet positioned between the support substrate and the end portion of the
plurality of probes such that the probes extend through apertures defined by the dielectric

sheet.

2. The probe card assembly according to claim 1, wherein the plurality of probes
comprise signal probes and power probes, and wherein the apertures through which power
probes extend are dimensioned such that at least a portion of the power probes contacts a
surface of the dielectric sheet adjacent a respective aperture when the probe card assembly is

in a test position with respect to a semiconductor device to be tested.

3. The probe card assembly according to claim 1, wherein the plurality of probes
comprise signal probes and power probes, and wherein the apertures through which signal
probes extend are dimensioned such that the signal probes do not contact a surface of the
dielectric sheet adjacent a respective aperture when the probe card assembly is in a test

position with respect to a semiconductor device to be tested.

4, The probe card assembly according to claim 1, further comprising an
electrically conductive layer disposed on the dielectric sheet, the electrically conductive layer

being spaced from the apertures.

5. The probe card assembly of claims 4 wherein the electrically conductive layer
is disposed on a side of the dielectric sheet configured to be adjacent the semiconductor

device to be tested.

6. The probe card assembly according to claim 1, wherein the plurality of probes

comprise signal probes and power probes, wherein the apertures through which power probes
-10-
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extend are dimensioned such that at least a portion of the power probes contacts a surface of

the dielectric sheet adjacent a respective aperture when the probe card assembly is in a test
position with respect to a semiconductor device to be tested, and wherein the apertures
through which signal probes extend are dimensioned such that the signal probes do not
contact a surface of the dielectric sheet adjacent a respective aperture when the probe card
assembly is in the test position.
7. The probe card assembly according to claim 6, further comprising an

electrically conductive layer disposed on the dielectric sheet, the electrically conductive layer
being spaced from the apertures such that the portion of the power probes do not contact the

electrically conductive layer when the probe card assembly is in the test position.

8. The probe card assembly according to claim 1, wherein the dielectric sheet has

a dielectric coefficient of at least 10.

9. The probe card assembly of claim 1 wherein the dielectric sheet has a

dielectric constant of at least 100.

10. The probe card assembly according to claim 1 wherein the support substrate is

a space transformer.

11. A probe card assembly for providing electrical interconnection between a
semiconductor device to be tested and a test system, the probe card assembly comprising:

a plurality of probes supported by a support substrate, each of the plurality of probes
including an end portion extending away from the support substrate, the end portion being
configured to be electrically connected to a semiconductor device to be tested; and

a dielectric strip coupled to a side of at least a portion of the plurality of probes at a

position on the probes between the support substrate and the end portion of the probes.
12.  The probe card assembly according to claim 11, wherein the plurality of

probes comprise signal probes and power probes, and wherein the dielectric strip is coupled

to at least a portion of the power probes.

11-
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13.  The probe card assembly according to claim 11, wherein the dielectric strip

includes an adhesive surface for coupling to the portion of the plurality of probes.

14.  The probe card assembly according to claim 11, further comprising an
electrically conductive material disposed on the dielectric strip, the electrically conductive
material being disposed on a surface of the dielectric strip not in contact with the portion of

the plurality of probes.

15. The probe card assembly of claims 14 wherein the electrically conductive

material is along substantially the entire length of the dielectric strip.
16. The probe card assembly of claims 14 wherein the electrically conductive
material is provided as a series of metallic contacts on a surface of the dielectric strip opposite

the probes, the metallic contacts being positioned substantially opposite the respective probes.

17. The probe card assembly of claim 11 comprising a plurality of the dielectric

strips.

18.  The probe card assembly according to claim 11, wherein the dielectric strip

has a dielectric coefficient of at least 10.

19. The probe card assembly of claim 11 wherein the dielectric strip has a dielectric

constant of at least 100.

20. The probe card assembly according to claim 11 wherein the support substrate is a

space transformer.

-12-
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