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REFLECTIVE AND INTERFERENCE CONTROLLED ABSORPTIVE CONTACTOR

RELATED APPLICATION
This application claims priority to United States Patent Application No. 17/384,133 that
was filed on July 23, 2021. The entire content of the application referenced above is hereby

incorporated by reference herein.

FIELD
The present disclosure relates to integrated circuit test systems. In particular, the

disclosure relates to a test system contactor that couples a test signal to a device under test.

BACKGROUND
As the frequencies required to test integrated circuits increase, the present contactor
designs that couple a test signal to a device under test are unable to maintain signal integrity of
the test signals transmitted to the device under test. For example, the amount of RF reflection in
the body of the contactor can negatively impact the test. For these and other reasons there is a

need for the subject matter of the present disclosure.

SUMMARY

Consistent with the disclosed embodiments, an apparatus for use in coupling a test signal
to a device under test in an integrated circuit test system is disclosed. The apparatus comprises a
contactor having a hole. The contactor includes a radio frequency absorptive material. A probe
is inserted in the hole. The probe to couple a test signal to a device under test. In some
embodiments, the radio frequency absorptive material comprises an elastomer. In some
embodiments, the radio frequency absorptive material comprises a polymer. In some
embodiments, the radio frequency absorptive material comprises a foam rubber. In some
embodiments, the test signal has a test signal energy and the radio frequency absorptive material
absorbs a significant portion of the test signal energy in a frequency band of between about DC
and about 110 GHz. In some embodiments, the contactor includes a plurality of layers. At least
one of the plurality of layers includes the radio frequency absorptive material.

Consistent with the disclosed embodiments, an apparatus for use in coupling a test signal
to a device under test in an integrated circuit test system is disclosed. The apparatus comprises a
radio frequency test signal source, a mounting fixture for mounting a device under test, and a

contactor including a radio frequency absorptive material and a probe, the contactor to couple
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the radio frequency test signal source to the device under test. In some embodiments, the radio
frequency absorptive material comprises an elastomer. In some embodiments, the radio
frequency absorptive material comprises a polymer. In some embodiments, the radio frequency
absorptive material comprises a foam rubber. In some embodiments, the signal has a test signal
energy and the radio frequency absorptive material absorbs a significant portion of the test
signal energy in a frequency band of between about DC and about 110 GHz. In some
embodiments, the contactor includes a plurality of layers and at least one of the plurality of
layers includes the radio frequency absorptive material. In some embodiments, the plurality of
layers includes a hole passing through each of the plurality of layers, the hole having a size in
each of the plurality of layers and the size varying in each of the plurality of layers. In some
embodiments, a probe inserted in the hole has an impedance and the size of the hole in each of
the plurality of layers is selected to control the impedance. In some embodiments, the size of the
hole is a diameter of a circle substantially defining the hole.

Consistent with the disclosed embodiments, a method for forming an apparatus for use in
coupling a test signal to a device under test in an integrated circuit test system is disclosed. The
method comprises forming a contactor including forming a radio frequency absorptive material
as a component of the contactor, forming a hole in the contactor, and inserting a probe into the
hole. In some embodiments, forming the radio frequency absorptive material as a component of
the contactor comprises 3-D printing the radio frequency absorptive material. In some
embodiments, forming the radio frequency absorptive material as a component of the contactor
comprises molding the radio frequency absorptive material. In some embodiments, forming the
radio frequency absorptive material as a component of the contactor comprises coating a
dielectric material included in the contactor with the radio frequency absorptive material. In
some embodiments, forming the radio frequency absorptive material comprises micro-
machining the radio frequency absorptive material.

It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the invention,
as claimed.

The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and together with the description, serve to

explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A shows an illustration of an apparatus including a contactor and a probe in

accordance with some embodiments of the present disclosure;
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Fig. 1B shows a contactor including a plurality of layers in accordance with some
embodiments of the present disclosure;

Fig. 2A shows an apparatus including a radio frequency test signal source, a mounting
fixture, a probe, and a contactor in accordance with some embodiments of the present diclosure;

Fig. 2B shows a perspective illustration of the mounting fixture including a device under
test in accordance with some embodiments of the present disclosure.

Fig. 2C shows a contactor including the plurality of layers and a hole passing through
each of the plurality of layers in accordance with some embodiments of the present disclosure;

Fig. 2D shows a cut-away perspective illustration of an apparatus including a radio
frequency test signal source, a mounting fixture, a device undertest, a contactor including a
plurality of layers, a probe and a radio frequency absorptive material in accordance with some
embodiments of the present disclosure; and

Fig. 3 shows a flow diagram of a method for forming the apparatus shown in Fig 1A in

accordance with some embodiments of the present disclosure.

DESCRIPTION

Reference will now be made in detail to the exemplary embodiments of the present
disclosure described below and illustrated in the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout to refer to same or like parts.

While the present invention is described herein with reference to illustrative
embodiments for particular applications, it should be understood that the invention is not limited
thereto. Those having ordinary skill in the art and access to the teachings provided herein will
recognize additional modifications, applications, embodiments, and substitution of equivalents,
that all fall within the scope of the disclosure. Accordingly, the disclosure is not to be considered
as limited by the foregoing or following descriptions.

Fig. 1A shows an illustration of an apparatus 100 including a contactor 102 and a probe
104 in accordance with some embodiments of the present disclosure. The contactor 102 has a
hole 106 and includes a radio frequency absorptive material 108. As shown, the probe 104 is
inserted in the hole 106. In operation, the probe 104 couples a test signal to a device under test.

The radio frequency absorptive material 108 is not limited to a particular material.

In some embodiments, the absorptive material 108 includes a low-loss dielectric material. A
low -loss dielectric material has a loss tangent of less than about 0.5%. In some embodiments,
the radio frequency absorptive material 108 has an attenuation on the order of tens of dB per

centimeter along a radio frequency signal propagation path.
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In some embodiments, the radio frequency absorptive material 108 is an elastomer.
Weak intermolecular forces provide binding in elastomers. Examples of elastomers suitable for
use in embodiments of the present disclosure include natural rubber, polyurethane,
polybutadiene, silicone, and neoprene.

In some embodiments, the absorptive material 108 is a polymer. A polymer is a
macromolecule including repetition of molecules of low relative molecular mass. Polymers
have molecular weights of between about a few thousand and millions of grams/mole.

In some embodiments, the radio frequency absorptive material 108 is a foam rubber. A
foam rubber is a rubber formed using a foaming agent to create an gas-filled matrix structure.
Example foam rubbers suitable for use in embodiments of the present disclosure include
synthetic rubber, natural latex, and polyurethane. Polyurethane is a thermosetting polymer that
includes methyl di-isocyanate and polyethylene.

The hole 106 has a cross-sectional shape. The cross-sectional shape in this disclosure is
not limited to a particular cross-sectional shape. In some embodiments, the cross-sectional
shape is a circle. For embodiments having a circular cross-sectional shape, the circular cross-
sectional shape has a diameter.

In operation, the probe 104 transmits a test signal to a device under test. The test signal
has a test signal energy and the radio frequency absorptive material absorbs a significant portion
of the test signal energy at a frequency band between about DC and about 110GHz The
absorptive material 108 is selected to have a loss tangent and dimensions that provide radio
frequency energy reflection of less than about 10%.

Fig. 1B shows a contactor 102 including a plurality of layers 110 in accordance with
some embodiments of the present disclosure. At least one of the plurality of layers 110 includes
the radio frequency absorptive material 108. The radio frequency absorptive material 108 is not
limited to forming a complete layer of one of the plurality of layers 110. The radio frequency
absorptive material 108, in some embodiments, may form only a portion of one of the plurality
of layers 110.

Fig. 2A shows an apparatus 200 including a radio frequency test signal source 202, a
mounting fixture 204, probe 104, and the contactor 102 in accordance with some embodiments
of the present disclosure. In some embodiments, the radio frequency test signal source 202
includes a printed circuit board having traces to couple a test signal to the probe 104. The
mounting fixture 204 provides a structure to hold a device under test 206, such as in integrated
circuit. Fig. 2B shows a perspective illustration of the mounting fixture 204 including the device
under test 206 in accordance with some embodiments of the present disclosure. Referring again

to Fig. 2A, the contactor 102 includes the radio frequency absorptive material 108 and the probe
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104. The contactor 102 couples the radio frequency test signal source 202 to the device under
test 206. In operation, the radio frequency test signal source 202 provides a test signal to the
device under test 206. The test signal has a test signal energy and the radio frequency absorptive
material 108 absorbs a significant portion of the test signal energy in a frequency band between
about DC and about 110 GHz. As noted above the radio frequency absorptive material 108 is
not limited to being formed from a particular material. Example materials suitable for use in
connection with the fabrication of the contactor 102 include elastomers, polymers, and foam
rubber. Materials not suitable for use in the fabrication of the radio frequency absorptive

material 108 includes alumina materials (aluminiim oxide purity 48%%). In some

embodiments, the contactor 102 includes a plurality of layers 110 (shown in Fig. 1B), and at
least one of the plurality of layers 110 includes the radio frequency absorptive material 108
(shown in Fig. 1B). Those skilled in the art will appreciate that Fig. 2A is only one embodiment
of the present disclosure and that other embodiments in which each of the plurality of layers 110
includes one types of absorptive materials 108 is not precluded by the embodiment disclosed in
Fig. 2A. In addition, in the embodiment shown in Fig. 2A, the plurality of layers 110 may or
may not included a layer including air.

Fig. 2C shows a contactor 102 including the plurality of layers 110 and a hole 106
passing through each of the plurality of layers 110 in accordance with some embodiments of the
present disclosure. The hole 106 has a size and, in some embodiments, the size varies in at least
two of the plurality of layers 110. For example, as shown in Fig. 2B, the size of the hole 112 is
smaller than the size of the hole 114. Referring again to Fig. 2C, the size is defined by the
dimensions of the cross-sectional shape of the hole 106. In operation, the probe 104 is inserted
in the hole 106. The probe 104 inserted in the hole 106 has an impedance and the size of the

hole in each of the plurality of layers is selected to control the impedance.

Fig. 2D shows a cut-away perspective illustration of the apparatus 200 including the
radio frequency test signal source 202, the mounting fixture 204, the device undertest 206, the
contactor 102 including the plurality of layers 110, the probe 104 and the radio frequency
absorptive material 108 in accordance with some embodiments of the present disclosure. As
shown, the radio frequency absorptive material 108 forms less than 100% of a layer 118.
However, in some embodiments, the radio frequency absorptive material 108 forms substantially

100% of the layer 118.

Fig. 3 shows a flow diagram of a method for forming the apparatus shown in Fig 1A in
accordance with some embodiments of the present disclosure. The method includes forming a
contactor including forming a radio frequency absorptive material as a component of the
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contactor (block 302), forming a hole in the contactor (block 304), and inserting a probe into the
hole (block 306). In some embodiments, forming the radio frequency absorptive material as a
component of the contactor includes 3-D printing the radio frequency absorptive material. In
some embodiments, forming the radio frequency absorptive material as a component of the
contactor includes molding the radio frequency absorptive material. In some embodiments,
forming the radio frequency absorptive material as a component of the contactor includes
coating a dielectric material included in the contactor with the radio frequency absorptive
material. In some embodiments, forming the radio frequency absorptive material as a
component of the contactor includes micro-machining the radio frequency absorptive material.

2«

Reference throughout this specification to “an embodiment,” “some embodiments,” or
“one embodiment.” means that a particular feature, structure, material, or characteristic
described in connection with the embodiment is included in at least one embodiment of the
present disclosure. Thus, the appearances of the phrases such as “in some embodiments,” “in
one embodiment,” or “in an embodiment,” in various places throughout this specification are not
necessarily referring to the same embodiment of the present disclosure. Furthermore, the
particular features, structures, materials, or characteristics may be combined in any suitable
manner in one or more embodiments.

Although explanatory embodiments have been shown and described, it would be
appreciated by those skilled in the art that the above embodiments cannot be construed to limit
the present disclosure, and changes, alternatives, and modifications can be made in the

embodiments without departing from spirit, principles and scope of the disclosure
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What is claimed is:

1. An apparatus comprising
a contactor having a hole, the contactor including a radio frequency absorptive material,
and

a probe inserted in the hole, the probe to couple a test signal to a device under test.

2. The apparatus of claim 1, wherein the radio frequency absorptive material comprises

an elastomer.

3. The apparatus of claim 1, wherein the radio frequency absorptive material comprises

a polymer.

4. The apparatus of claim 1, wherein the radio frequency absorptive material comprises

a foam rubber.

5. The apparatus of claim 1, wherein the test signal has a test signal energy and the radio
frequency absorptive material absorbs a significant portion of the test signal energy in a

frequency band of between about DC and about 110 GHz.

6. The apparatus of claim 1, wherein the contactor includes a plurality of layers, at least

one of the plurality of layers includes the radio frequency absorptive material.

7. An apparatus comprising;

a radio frequency test signal source;

a mounting fixture for mounting a device under test; and

a contactor including a radio frequency absorptive material and a probe, the contactor to

couple the radio frequency test signal source to the device under test.

8. The apparatus of claim 7, wherein the radio frequency absorptive material comprises

an elastomer.

9. The apparatus of claim 7, wherein the radio frequency absorptive material comprises

a polymer.
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10. The apparatus of claim 7, wherein the radio frequency absorptive material comprises

a foam rubber.

11. The apparatus of claim 7, wherein the test signal has a test signal energy and the
radio frequency absorptive material absorbs a significant portion of the test signal energy in a

frequency band of between about DC and about 110 GHz.

12. The apparatus of claim 7, wherein the contactor includes a plurality of layers, at least

one of the plurality of layers includes the radio frequency absorptive material.

13. The apparatus of claim 12, wherein the plurality of layers includes a hole passing
through each of the plurality of layers, the hole having a size in each of the plurality of layers

and the size varying in each of the plurality of layers.

14. The apparatus of claim 13, wherein a probe inserted in the hole has an impedance

and the size of the hole in each of the plurality of layers is selected to control the impedance.

15. A method comprising:

forming a contactor including forming a radio frequency absorptive material as a
component of the contactor;

forming a hole in the contactor; and

inserting a probe into the hole.

16. The method of claim 15, wherein forming the radio frequency absorptive material as

a component of the contactor comprises 3-D printing the radio frequency absorptive material.

17. The method of claim 15, wherein forming the radio frequency absorptive material as

a component of the contactor comprises molding the radio frequency absorptive material.

18. The method of claim 15, wherein forming the radio frequency absorptive material as
a component of the contactor comprises coating a dielectric material included in the contactor

with the radio frequency absorptive material.

19. The method of claim 15, wherein forming the radio frequency absorptive material

comprises micro-machining the radio frequency absorptive material.
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