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(57) ABSTRACT 

A workpiece chuck includes an upper assembly on which 
can be mounted a flat workpiece Such as a Semiconductor 
wafer. A lower assembly is mountable to a base that Supports 
the chuck. A non-constraining attachment means Such as 
Vacuum, Springs or resilient washers applied to the chuck 
holds the upper assembly to the lower assembly, the lower 
assembly to the base and can hold the wafer to the top 
Surface of the upper assembly. By holding the chuck 
together by non-constraining means, the chuck layers can 
move continuously relative to each other under expansion 
forces caused by temperature effects, Such that mechanical 
Stresses on the chuck and resulting deformation of the chuck 
and workpiece over temperature are Substantially elimi 
nated. A plurality of Support members including inclined 
Surfaces provided between an upper and lower portion of the 
chuck maintain the top Surface of the chuck and any work 
piece mounted thereon at a constant height over temperature. 
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WORKPIECE CHUCK 

0001) RELATED APPLICATIONS 
0002 This application is a divisional of pending U.S. 
patent application Ser. No. 09/473,099, filed on Dec. 28, 
1999, which is a continuation-in-part of U.S. patent appli 
cation Ser. No. 09/115,206, filed on Jul 14, 1998, now 
issued U.S. Pat. No. 6,019,164, which is a continuation-in 
part of U.S. patent application Ser. No. 09/001,893, filed on 
Dec. 31, 1997, now issued U.S. Pat. No. 6,073,681. The 
contents of these applications and patents are incorporated 
herein in their entirety by reference. 

FIELD OF THE INVENTION 

0003. The present invention relates generally to chucks 
used to hold flat workpieces and Specifically to chuckS 
which hold workpieces Such as Semiconductor waferS and 
control the temperature of the workpieces. 

BACKGROUND OF THE INVENTION 

0004. In the semiconductor integrated circuit industry, 
the cost of individual integrated circuit chip die is continuing 
to decrease in comparison to IC package costs. Conse 
quently, it is becoming more important to perform many IC 
test and evaluation Steps while the die are Still in the wafer, 
rather than after the relatively expensive packaging Steps 
have been performed. 

0005 Increasingly, in IC processing, semiconductor 
wafers are Subjected to a Series of test and evaluation StepS. 
For each Step, the wafer is held in a Stationary position at a 
proceSS Station where the proceSS is performed. For many 
processes, it is important that the wafer be held extremely 
flat. For example, circuit testing is typically performed over 
a wide temperature range to temperature Screen the ICS 
before assembly into a package. The wafer is typically held 
on a vacuum platform of a host test machine Such as a 
probing Station which electrically tests the circuits on the 
wafer. The prober includes a group of electrical probes 
which, in conjunction with a tester, apply predetermined 
electrical excitations to various predetermined portions of 
the circuits on the wafer and Sense the circuits responses to 
the excitations. To ensure that proper contacts are made and 
to ensure that the mechanical load applied by the probes to 
the wafer is known and uniform, it would be beneficial to 
keep the wafer extremely flat and also to maintain the top 
Surface of the chuck, on which the wafer rests, at a constant 
height. 

0006. In a typical prober system, the wafer is mounted on 
the top surface of a wafer chuck, which is held at its bottom 
Surface to a Support Structure of the prober. A vacuum 
System is typically connected to the chuck. A Series of 
channels or Void regions in communication with the top 
Surface of the chuck conduct the vacuum to the wafer to hold 
it in place on the top Surface of the chuck. The prober 
Support Structure for the chuck is then used to locate the 
wafer under the probes as required to perform the electrical 
testing on the wafer circuits. 
0007 To allow for temperature screening of the wafer 
circuits, the chuck can also include a heater for heating the 
wafer to a desired temperature and a heat Sink for cooling the 
wafer as needed. The prober System in conjunction with the 
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chuck can then be used to analyze performance of the wafer 
circuits at various temperatures within a predetermined 
temperature range. 

0008. During temperature transitioning, the various com 
ponents of the chuck tend to change size and shape due to 
thermal expansion and contraction effects of chuck materials 
over temperature. Portions of the chuck which have different 
thermal expansion coefficients expand and contract at dif 
ferent rates over temperature. Also, expansion and contrac 
tion of the chuck in the Vertical direction can cause variation 
in the height at which the workpiece is Supported during 
testing, thus introducing additional variables into the testing 
procedure. 

0009 Conventional wafer chucks are formed from mul 
tiple components fastened together. For example, a typical 
chuck can include a lower plate or Support for mounting to 
the prober, a heat Sink Over the lower plate, a heater over the 
heat Sink and an upper plate or Support assembly on which 
the wafer can be held, the upper plate including the vacuum 
channels used to conduct the vacuum to the top Surface. In 
conventional chucks, all of these layers are typically held 
together by bolts, rivets, etc., or other rigid, inflexible 
mechanical fastening means. Furthermore, the chuck is 
typically held to the base of the host machine by similar rigid 
CS. 

0010. These conventional means for holding the chuck 
together and holding the chuck to the base introduce 
mechanical Stresses into the chuck Structure. When the 
chuck is Subjected to in temperature, these stresses tend to 
cause the chuck to deform, resulting in a loss of flatness of 
the wafer. The non-flat upper surface of the wafer can 
introduce inaccuracies into the circuit performance measure 
ments performed by the prober. 

0011. The deformation in the chuck is typically caused by 
different chuck layerS having different thermal expansion 
coefficients, Such that, over temperature, different layerS will 
experience different thermal expansion forces. Because the 
chuck layers are held together rigidly, the difference in 
forces causes the chuck to warp. AS the chuck deforms, 
expansion forces build-up in the chuck. In most chucks, the 
clamping forces holding the layers together are Sufficient to 
resist relative radial movement between the layers, and the 
warp increases. In Some chucks, the clamping forces are 
Such that, periodically, they are overcome by the expansion 
forces, and layerS move rapidly in a jerking motion relative 
to each other to relieve the built-up stresses. This rapid 
“popping motion is highly unpredictable and can introduce 
Substantial wafer shape and/or location errors. Also, because 
the clamping forces are So high in these Systems, the chuck 
layers are not relieved all the way back to a Zero-expansion 
condition. So, in general, there is always Some undetermined 
amount of deformation in the chuck over temperature. The 
“popping motion can also introduce bursts of electrical 
noise caused by the Sudden movement of the Surfaces over 
each other. This is also undesirable. 

0012. It will be appreciated that these effects caused by 
the conventional mechanically constrained chuck assembly 
are magnified for larger diameter chuckS. That is, the 
Stresses introduced in clamping or bolting together a large 
diameter chuck are greater than those introduced in assem 
bling a Small diameter chuck. Larger chucks therefore tend 
to deform more over temperature than do Smaller chuckS. 
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Therefore, using conventional wafer chuck techniques, it is 
becoming increasingly more difficult to hold waferS flat over 
temperature as wafer diameters continue to increase. 
0013 Conventional wafer chucks used for temperature 
cycling and/or transitioning are typically mounted on the 
prober Support Structure in a manner which provides for 
good thermal conduction between the chuck and the prober 
Support Structure. In these Systems, large amounts of energy 
dedicated to temperature cycling and/or transitioning of the 
wafer can be lost in the form of heat flow between the prober 
and the chuck. Also, temperature variations in the prober 
Structure can cause Spatial shifts in the wafer which can 
cause inaccuracies in the prober circuit testing. 

OBJECTS OF THE INVENTION 

0.014. It is an object of the invention to provide a work 
piece chuck in which the foregoing disadvantages of prior 
devices are Substantially eliminated. 
0.015. It is a more specific object of the invention to 
provide a workpiece chuck for Supporting a workpiece 
which maintains the workpiece Substantially flat over a wide 
range of temperature variations. 
0016. It is another object of the invention to provide a 
workpiece chuck which is held together in a stiff but 
mechanically non-constrained fashion Such that thermal and 
mechanical Stresses in the chuck are reduced. 

0.017. It is another object of the invention to provide a 
workpiece chuck which is held to the Support structure of a 
host machine Such as a wafer prober machine by a Stiff but 
mechanically non-constrained means, Such as Vacuum or 
Springs. 

0.018. It is still another object of the invention to provide 
a workpiece chuck on which large-diameter Semiconductor 
wafers can be Supported and maintained flat during electrical 
probe testing over a wide range of temperatures. 
0019. It is yet another object of the invention to provide 
a workpiece chuck for Supporting a Semiconductor wafer, 
the workpiece chuck being mountable on a base and includ 
ing means for heating and cooling the Semiconductor wafer 
while maintaining the base at or near an ambient tempera 
ture. 

0020. It is yet another object of the invention to provide 
a workpiece chuck for Supporting a Semiconductor wafer 
and mountable on a base and including means for heating 
and cooling the Semiconductor wafer, the workpiece chuck 
providing thermal isolation between the workpiece chuck 
and the base Such that the workpiece chuck exhibits 
improved energy efficiency. 

0021. It is yet another object of the invention to provide 
a workpiece chuck in which a top Surface of the workpiece 
chuck is maintained at a Substantially constant height over 
temperature. 

SUMMARY OF THE INVENTION 

0022. These and other objects of the invention are real 
ized by a chuck apparatus and method for holding a work 
piece in accordance with the invention. The chuck of the 
invention includes an upper Support or assembly on which 
the workpiece or wafer can be mounted and a lower Support 
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or assembly by which the chuck can be mounted to a base 
Such as the Support Structure of a host machine Such as a 
wafer prober. In general, the upper Support is characterized 
by a first temperature and the lower Support is characterized 
by a Second temperature. The chuck also includes non 
constraining attachment means which holds the upper and 
lower Supports together and holds the lower Support and the 
base together while allowing Substantially continuous rela 
tive movement between layers of the chuck caused by 
thermal expansion forces due to differential temperature 
effects between the upper Support, lower Support and the 
base. By using non-constraining attachment means, Such as 
Vacuum or Springs or Spring washerS Such as belleville 
washers which are not clamped with sufficient force to 
completely constrain the chuck layers against radial move 
ment relative to each other, the mechanical Stresses found in 
the rigidly assembled chucks of prior Systems are elimi 
nated. The relative movement between layerS is Substan 
tially continuous in that the rapid jerking or popping motion 
of prior Systems is eliminated by using the non-constraining 
attachment means. 

0023. In one embodiment, the upper assembly can 
include a Substrate made of an insulating material. In one 
particular embodiment, the insulating material is a ceramic. 
Where vacuum wafer attachment is used, the Substrate can 
be formed with a vacuum distribution pattern on its top 
Surface for holding the wafer in place. The Substrate can be 
provided with one or more vacuum ports for applying the 
Vacuum to the upper assembly and can include inner chan 
nels or void regions connecting the vacuum ports with the 
pattern on the top Surface, or it can be provided with holes 
through the Substrate and metallic Surfaces, if any, above and 
below the Substrate to vacuum ports in a lower Support or 
assembly. 

0024. The vacuum distribution pattern on the top surface 
can be a “waffle' pattern which includes a rectangular array 
of raised rectangular regions Separated by narrow channels 
along the Surface through which the vacuum is distributed to 
hold down the wafer. In this configuration, the bottom 
Surface of the wafer rests on the top Surfaces of the raised 
rectangular regions. 

0025 The vacuum distribution pattern on the top surface 
can be formed on the top Surface by one of Several processes. 
In one approach, the pattern of channels or “streets” is 
ground into the ceramic Substrate and may then be coated 
with a layer of metal if electrical contact to the back side of 
the wafer is desired. In another embodiment, a uniform layer 
of metal is deposited onto the top Surface of the Substrate, 
and then a pattern of channels is etched into the metal, 
leaving a pattern of raised rectangular metallic pads. In 
another embodiment, the raised regions are formed by 
depositing the array of rectangular metallic pads onto the 
ceramic Substrate, leaving the channels between the pads. To 
provide electrical conduction between the chuck and the 
wafer, a thin layer of metal can be added on top of the 
patterned vacuum distribution layer. Any of the metallic 
layers can be deposited by a silk Screening process, or other 
proceSS Such as plating, Sputtering, brazing, etc., or a com 
bination thereof. During circuit testing, to improve the 
Sensitivity of a measurement, it is Sometimes desirable to 
reduce electrical current leakage between the wafer under 
test and ground. To that end, the Substrate in the chuck of the 
invention can include an electrical guard assembly layer 
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contacting its bottom Surface. In one embodiment, the guard 
layer includes a layer of metal contacting the bottom Surface 
of the Substrate and connected to a terminal to allow for 
external electrical access. To reduce leakage or capacitance 
effects in the Substrate, a signal approximately identical to 
the excitation Signal being applied to the circuit under test is 
applied to the guard layer. By thus maintaining the upper and 
lower Surfaces of the Substrate at the same potential, leakage 
currents through the Substrate are Substantially reduced or 
eliminated. In one embodiment, the guard layer includes an 
insulating Surface below it which permits a Signal approxi 
mately identical to the excitation signal being applied to the 
circuit under test to be applied to the guard layer. 
0026. Where the upper and lower assemblies are held 
together by vacuum, the bottom Surface of the upper assem 
bly can be formed with another vacuum distribution pattern 
which may be produced by any of the means by which 
Vacuum patterns can be formed on the top Surface of the 
Substrate. The pattern can define plural concentric raised 
portions with concentric annular vacuum distribution 
regions between them. The guard layer can be held to the 
upper assembly by this lower vacuum distribution pattern in 
the upper assembly or by a vacuum pattern in the guard layer 
itself. 

0027. In one embodiment, the electrical guard assembly 
includes multiple layers of conductorS Separated by insula 
tors. In one particular embodiment, the assembly includes 
three conductive metallic layers, with each pair of conduc 
tive layers being Separated by an insulating layer which, in 
one embodiment, is made of polyimide. The top conductor 
layer, as mentioned above, can be patterned to distribute 
vacuum over its surface to hold it to the bottom of the upper 
assembly. The middle layer can be a near-uniform conduc 
tive layer which Serves as the actual electrical guard. Contact 
can be made to the middle layer to apply the excitation 
Signal to the guard. The bottom layer can be another 
near-continuous layer used as a holding layer for vacuum 
which holds the guard assembly to the lower assembly of the 
chuck. 

0028. In one embodiment, two vacuum systems are used 
to operate the chuck. One Vacuum system holds the chuck 
together and a Second System holds the wafer on the top of 
the chuck. The guard assembly can include both the pat 
terned layer for distributing vacuum of the first vacuum 
System acroSS its Surface to hold the chuck together as well 
as a pattern of holes for transferring vacuum of the Second 
vacuum system to the top of the chuck to hold the wafer. 
0029. The lower assembly can include a heater and a heat 
Sink for heating and cooling the wafer. In one embodiment, 
the heat Sink is located above the heater and, hence, closer 
to the wafer to provide more efficient heat flow into the heat 
Sink during cooling. The heater can be attached to the bottom 
Surface of the heat Sink by one of many techniques, one of 
which is to directly Vulcanize it to the heat Sink, another of 
which involves bonding the heater to the heat Sink using 
epoxy. In another embodiment, the heat Sink includes a 
housing which is cast from a material Such as aluminum. The 
heater can be mounted within the cast housing. 
0030 The heat sink can include tubing through which 
fluid flows. The tubing can be formed as a spiral intake with 
a reverse spiral outlet, with intake tubing adjacent to outlet 
tubing to provide efficient and uniform removal of heat from 
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the heat Sink. In one embodiment, the tubing can be flattened 
Such that the height of the heat Sink and, consequently, the 
overall height of the chuck, can be reduced. Round tubing 
can be at least partially flattened Such as by pressing the 
tubing and then placed in the heat Sink housing. In one 
embodiment, fluid can also flow through the bottom of the 
lower assembly to maintain an ambient temperature barrier 
between the chuck and the base to prevent heat flow between 
the chuck and the base. 

0031. In one embodiment, the heat sink is formed from a 
casting made of a material Such as aluminum. Because of the 
non-constraining attachment of the invention, components 
of the chuck above the heat sink can move laterally with 
respect to the heat Sink. Layers in direct contact with the top 
of the heat Sink tend to rub the aluminum casting. This can 
tend to coat the layer on top of the casting with aluminum, 
particularly at high temperatures when the aluminum is 
relatively soft. To eliminate this effect, the top surface of the 
heat Sink casting can be plated or coated with a hard Surface 
to Seal the top of the casting. This plating can be a hard 
anodize, e.g., hard black anodize. The use of Such a material 
also contributes to the electrically isolating qualities of the 
chuck. 

0032. The upper and lower assemblies can be aligned 
with each other by one or more alignment pins. In one 
embodiment, the alignment pins are pressed into the lower 
assembly and protrude through the top Surface of the lower 
assembly. When the upper and lower assemblies are brought 
together, the alignment pins mate with alignment holes in the 
bottom Surface of the upper assembly. In one embodiment, 
one of the alignment holes, which can be located at the 
center of the chuck, is round and is sized to provide a slip 
fit with its associated alignment pin. Another hole can be 
elongated to provide a slip fit with a pin in one direction and 
to allow motion of the pin in the orthogonal radial direction. 
This configuration allows for relative expansion and con 
traction of parts while preventing relative rotation. 

0033. The present invention provides thermal isolation 
between the chuck and the base while also providing 
adequate mechanical Support for the mechanical load on the 
wafer, Such as that due to forces exerted by the probes or 
probe array of the prober. The lower assembly includes a 
lower Support plate to which the heat Sink can be mounted. 
The heat Sink can rest on a plurality of thermally insulating 
elements located between the bottom of the heatsink and the 
top of the lower Support plate. The elements can be in the 
shape of posts, rods, cylinders or spherical balls in any 
Spatial orientation including upright or lying down, and can 
be made of a thermally insulating material Such as glass, 
ceramic, etc. The elements provide thermal isolation and 
mechanical Support within the lower assembly of the chuck. 
The number of elements and their locations can be selected 
based on a desired chuck stiffness. For reasonable stiffness 
of larger diameter chucks, more than three elements, which 
are Sufficient to define a plane, can be used. For this reason, 
a plurality of elements which have very close-tolerance 
heights can be used. 

0034. The bottom of the heat sink can also be equipped 
with a vacuum Seal Such that the chuck can be vacuum 
mounted to the base. A ring can be mounted to the bottom 
of the heat Sink. The ring can include the required Seal, e.g., 
O-rings, to Seal the bottom of the chuck to the base. The ring 
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can also include openings through which additional ele 
ments can pass to Support the chuck on the base while also 
providing thermal isolation. 

0035) In another aspect, the present invention is directed 
to a workpiece chuck containing any of the previously 
mentioned features and also maintaining the height of the 
chuck at a Substantially constant height over temperature. 
The chuck includes an upper portion on which the work 
piece can be mounted and a lower portion by which the 
chuck can be mounted to a base, Such as the base of an 
integrated circuit or wafer prober machine. The chuck 
includes a plurality of Support members between the upper 
portion and lower portion of the chuck for Supporting the 
upper portion over the lower portion. Each of the Support 
members includes an inclined Surface mounted in fixed 
relation to one of the upper and lower portions and a mating 
contact Surface mounted in fixed relation to the other of the 
upper and lower portions. Within each Support member, the 
contact Surface is maintained in contact with its mating 
inclined Surface. AS the shape of at least one of the upper and 
lower portions changes, Such as through the effects of 
temperature transitioning, the contact Surface of a Support 
member moves along its associated inclined Surface in 
contact with the contact Surface. 

0036). In one embodiment, the inclined surface of the 
Support member is mounted to the upper portion of the 
chuck, and the mating contact Surface is mounted to the 
lower portion of the chuck. In another embodiment, the 
inclined surface is mounted to the lower portion of the 
chuck, and the mating contact Surface is mounted to the 
upper portion. The angle of incline of the inclined Surface of 
each Support member is Selected Such that as the upper 
portion of the chuck expands or contracts with temperature, 
the top Surface of the upper portion and, consequently, the 
Workpiece, are kept at a Substantially constant height. To 
illustrate, if the temperature of the chuck increases, the 
upper portion of the chuck tends to expand in both the 
horizontal and Vertical directions. AS it expands vertically, 
the height of the top Surface of the chuck and the workpiece 
would tend to rise, thus introducing errors into the measure 
ment procedure being performed. However, in accordance 
with the invention, as the upper portion also expands in the 
horizontal dimension, the inclined Surfaces in the upper (or 
lower) portion slide along the contact Surfaces in the lower 
(or upper) portion to lower the lower side of the upper 
portion Sufficiently to compensate for the increase in height 
caused by expansion of the upper portion in the vertical 
dimension. The angle of incline is Selected Such that the 
combined vertical and horizontal expansion results in Sub 
Stantially constant workpiece height. 

0037. In one embodiment, three Support members are 
used to provide stability to the chuck to prevent tilting of the 
upper portion of the chuck. In another embodiment, addi 
tional Support members can be used to provide additional 
Support where needed, Such as when the chuck is operated 
at high temperatures at which one or more chuck compo 
nents may tend to Soften. In this embodiment, the additional 
Support members can be sized to allow the ambient three 
point planar Support configuration to provide the main 
Support for the chuck. Then, under different conditions, Such 
as at high temperature or under relatively high vertical 
compressive loads, the additional Support members can 
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provide any additional Support needed due to various move 
ments or changes in shape of any chuck components. 

0038. In one embodiment, the inclined surfaces and the 
contact Surfaces are made of a hardened material and/or a 
thermally insulating material, Such as tungsten carbide. The 
inclined Surfaces can be flat, and the contact Surfaces can be 
rounded or flat. Specifically, a contact Surface can be the 
Surface of a spherical ball. Alternatively, the contact Surface 
can be a flat formed on a spherical ball or a flat end of a 
thermally insulating Support rod. The hard material prevents 
deformation or damage of the inclined Surfaces and contact 
Surfaces over wide temperature extremes. 
0039 The region in which the support members are 
located defines a chamber between the upper and lower 
portions of the chuck. In one embodiment, air or other fluid 
can be circulated through this chamber to keep the Support 
members relatively cool, to reduce the effects of the required 
temperature extremes on the Support members. As a result of 
the reduced temperature effects on the Support members, 
different materials can be used for the inclined Surfaces and 
the contact Surfaces. For example, the Surfaces can be made 
of highly polished Silicon nitride or alumina which can 
provide extremely Smooth movement and electrical isola 
tion. The chamber enclosure can be made of a low emissivity 
material Such as Stainless Steel to provide a highly reflective 
outside Surface to provide thermal reflection. The enclosure 
can also serve as an EMI Shield for the chuck and compo 
nents under test. 

0040. The constant height aspect of the invention pro 
vides advantages over prior Systems in which thermal 
expansion and contraction of the chuck introduce errors into 
procedures being performed to test Semiconductor wafers, 
Such as electrical circuit probing during temperature transi 
tioning. In the present invention, because Substantially con 
Stant wafer height is maintained, the mechanical load on the 
chuck and wafer can be more carefully controlled at an 
acceptable level. Also, probe contact can be insured since 
the height of the wafer does not change over temperature. 
This results in reduced error in circuit probing measure 
mentS. 

0041. A temperature control system that can be used to 
control temperature of the chuck and workpiece in accor 
dance with the present invention is described in copending 
U.S. patent application Ser. No. 09/011,887 entitled “Tem 
perature Control System for a Workpiece Chuck,” filed on 
Dec. 31, 1997 and assigned to the same assignee as the 
present application. An electrical control System which can 
be used in connection with the chuck of the present inven 
tion is described in copending U.S. patent application Ser. 
No. 09/001,927, entitled “Power and Control System for a 
Workpiece Chuck,” filed on Dec. 31, 1997 and assigned to 
the same assignee as the present application. Both of those 
copending patent applications are incorporated herein in 
their entirety by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0042. The foregoing and other objects, features, and 
advantages of the invention will be apparent from the 
following more particular description of preferred embodi 
ments of the invention, as illustrated in the accompanying 
drawings in which like reference characters refer to the same 
parts throughout the different views. The drawings are not 
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necessarily to Scale, emphasis instead being placed upon 
illustrating the principles of the invention. 

0.043 FIG. 1 is a schematic perspective view of one 
embodiment of a workpiece chuck in accordance with the 
present invention. 
0044 FIG. 2 is a schematic exploded view of one 
embodiment of the chuck of the invention using vacuum to 
hold the chuck together. 

004.5 FIG. 3 is a schematic cross-sectional view of the 
chuck of FIG. 2 using vacuum to hold the chuck together. 
0.046 FIG. 4 is a schematic diagram of the top surface of 
the chuck of the invention showing a vacuum distribution 
pattern used to hold a flat workpiece. 

0047 FIG. 5 is a schematic partial cross-sectional view 
of an alternative embodiment of the workpiece chuck of the 
invention using Springs to hold the chuck together. 

0.048 FIG. 6 is a schematic partial cross-sectional view 
of another alternative embodiment of the workpiece chuck 
of the invention. 

0049 FIG. 7 is a schematic cross-sectional view of 
another alternative embodiment of the workpiece chuck of 
the invention. 

0050 FIG. 8 is a schematic cross-section of a three-point 
attachment member in accordance with the present inven 
tion. 

0051 FIG. 9A is a schematic partial cross-sectional view 
of another alternative embodiment of a workpiece chuck in 
accordance with the present invention. 

0.052 FIG. 9B is a schematic pictorial detail view of a 
mechanism for holding a chuck such as the chuck of FIG. 
9A to a mounting plate in accordance with the present 
invention. 

0053 FIGS. 10A-10B are schematic pictorial views of 
two alternative embodiments of the Support member used to 
support the upper portion of the chuck of FIG. 9A in 
accordance with the present invention. 

0.054 FIG. 11A is a schematic top view of a heat sink 
assembly in accordance with the present invention. 

0055 FIG. 11B is a schematic view which pictorially 
illustrates the cross-section of coolant tubes used in one 
embodiment of the heat sink of FIG. 11A. 

0056 FIG. 12 is a schematic pictorial view of the cross 
section of a portion of the chuck of FIG. 9A in accordance 
with the present invention. 

0057 FIG. 13 is a schematic plan view of a vacuum 
pattern on one embodiment of an electrical guard assembly 
in accordance with the present invention. 

0.058 FIG. 14A is a schematic partial cross-sectional 
View of another alternative embodiment of a workpiece 
chuck in accordance with the present invention. 

0059 FIG. 14B is a schematic pictorial view of a manual 
hold-down device which can be used to hold the chuck of 
FIG. 14A onto a lower support surface in accordance with 
the present invention. 
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0060 FIG. 15 is a schematic partial cross-sectional view 
of another alternative embodiment of a workpiece chuck in 
accordance with the present invention. 
0061 FIG. 16 is a schematic partial cross-sectional view 
of another alternative embodiment of a workpiece chuck in 
accordance with the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0062 FIG. 1 is a schematic perspective view of one 
embodiment of the workpiece chuck 10 of the invention. 
The chuck 10 includes a top surface 12 on which a semi 
conductor wafer can be mounted. In one embodiment, the 
top Surface 12 is formed with a vacuum distribution pattern 
as described below to distribute vacuum along the bottom 
Surface of the wafer and thus hold the wafer to the chuck 10. 
The chuck 10 also includes a heat sink 14 used to remove 
heat from the wafer being processed. Ports 18 and 20 allow 
for circulation of a cooling fluid within the heat sink 14. The 
chuck 10 also includes a heater 16 attached to the bottom 
Surface of the heat sink 14. As described below in detail, the 
chuck 10 also includes a lower insulating plate 22 over a 
base 48 which can be mounted to a host machine Such as a 
prober machine. The components of the chuck 10 are 
mechanically Supported over the Support plate 22 by a 
plurality of thermally insulating Supporting elements Such as 
rods 24 which can be made of glass or other insulating 
material. 

0063. The chuck 10 is held together by some non 
constraining attachment means described below in detail 
which provides clamping force Sufficient to hold the chuck 
together during accelerations introduced by the host 
machine during positioning of the chuck 10. At the same 
time, the attachment means holds the chuck in a non 
constraining fashion Such that lateral forces due to thermal 
expansion effects can overcome the clamping forces Such 
that layers of the chuck 10 can move substantially continu 
ously relative to each other under thermal expansion forces. 
0064 FIG. 2 is a schematic exploded view of one 
embodiment of the workpiece chuck 10 of the invention 
using vacuum to hold the chuck together, and FIG. 3 is a 
Schematic cross-sectional view of the chuck 10 of FIG. 2. 
Referring to FIGS. 2 and 3, the chuck 10 includes an upper 
assembly or Support 26 which includes the patterned top 
Surface 12 which includes a vacuum distribution pattern for 
distributing vacuum to the bottom surface of the wafer to 
hold the wafer to the chuck. The top surface 12 is formed 
over an insulating substrate 28 which can be formed from a 
ceramic material Such as aluminum nitride, alumina or 
Similar material. A top metallization layer can be formed 
over the vacuum distribution pattern to allow for good 
electrical contact between the wafer under test and the chuck 
10. The metallization layer can be sputtered onto the top 
Surface and over a side of the Substrate 28 Such as at 25. 
Electrical connection can be made to the metallization layer, 
for example, with a wire and lug fastened by a Screw or Stud 
27 inserted into hole 23 and contacting the metal along the 
side of the assembly 26. Because in this embodiment the 
upper assembly is attached to lower chuck components by 
Vacuum, the bottom Surface of the ceramic Substrate 28 can 
also be formed with a vacuum distribution pattern. 
0065. A metallic layer 33 can be placed in contact with 
the bottom surface of the Substrate. When this metallic layer 
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has an insulating layer 35 on its underSide, the metallic layer 
forms a conductive guard used to eliminate capacitively 
coupled noise effects during testing. A signal Substantially 
identical to the excitation signal being used to test a circuit 
is also applied to the guard. By keeping the wafer and the 
guard at the same potential, leakage through the Substrate 28 
is reduced. Connection can be made to the guard 33 by 
forming a portion of the guard 33 along the Side of the 
Substrate Such as at 31. A conductive element can be 
attached to the guard by directly brazing it or by inserting a 
stud or connector into a hole 29 in the Substrate 28 to make 
contact. If a guard layer is inserted, an insulation layer 35 
would be formed under the guard layer to prevent electrical 
conduction into the lower components of the chuck 10. In 
other embodiments the guard 33 would be omitted. 
0.066 The remaining components in FIGS. 2 and 3 form 
a lower assembly or lower support 30 of the chuck 10. The 
lower assembly 30 includes the heat sink 14 which is 
covered by a thermally conductive cap 32 made of a material 
Such as aluminum or copper or other conductive material 
Suitable to the temperature range of operation. The cap 32 
can be attached to the top of the heat sink 14 by oven brazing 
or other attaclunent process. 
0067. The heat sink 14 can include a pair of channels 
which carry fluid in a spiral fashion through the heat Sink. An 
inlet channel 36 receives the fluid from the inlet port 20 and 
an outlet channel 38 carries the fluid out of the heat sink 14 
via the outlet port 18. The channels are separated by a wall 
34, which, when the cap 32 is attached to the top of the heat 
sink 14, separates the channels 36 and 38. Fluid entering the 
heat Sink 14 is carried in a spiral fashion into a central region 
at the center of the heat sink 14 and then into the outlet 
channel 38 which returns the fluid to the outlet port 18. 
0068 The maximum temperature differential between 
inlet fluid and outlet fluid occurs at the ports 18 and 20. The 
return-Spiral configuration spreads the total temperature 
differential Such that the temperature is maintained more 
uniform across the wafer than it would be if the cooling fluid 
were removed at the center of the spiral. That is, if the fluid 
were removed at the center of the heat Sink, then the entire 
temperature differential would be applied across the wafer 
from its edge to its center. In the present invention, the 
temperature differential between inlet and return is main 
tained where the channels are adjacent to each other, with 
the lowest differential existing where the adjacent channels 
interSect at the center of the heat Sink and the highest 
differential existing where the channels connect to the ports 
18 and 20. 

0069. The bottom surface of the heat sink 14 can be 
formed with a plurality of studs or pegs 40 which can be 
used to support the heat sink. The lower assembly 30 of the 
chuck 10 can also include a heater 16 attached to the bottom 
of the heat sink 14. The heater 16 is formed with a pattern 
of clearance holes 42 which allow the studs 40 to pass 
through the heater 16 when the heater 16 and heat sink 14 
are attached to each other. The heater can be a resistive foil 
heater and it can be adhered to the bottom Surface of the heat 
Sink 14 Such as by a Vulcanizing process or by epoxy 
bonding. The electrical connection is made to the heater 16 
via a tab 43 which protrudes out of the chuck from the edge 
of the heater. 

0070 Adhering the heater 16 to the heat sink 14 provides 
intimate contact between them Such that heat can be quickly 
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and efficiently conducted through the conductive body of the 
heat Sink 14 and its conductive cap 32 up to the workpiece. 
The Vulcanization process involves applying an adhesive to 
the heat Sink 14 and/or heater 16 and attaching the two using 
the adhesive. Next, the attached heater and heat Sink are 
Subjected to heating under pressure to cure the adhesive. The 
result is good thermal conduction between the heater 16 and 
the heat sink 14. 

0071. The lower support assembly 30 can also include an 
upper Vacuum platform ring 44 which can be attached by 
bolts 46 to the bottom of the heat sink 14 around the 
circumference of the heat Sink 14 as shown. The upper 
Vacuum platform ring 44 is used in conjunction with a lower 
10 vacuum attachment ring 50 as part of a vacuum attach 
ment assembly which attaches the chuck 10 to its base or to 
a base which is a part of the apparatus on which the wafer 
is to be processed, e.g., the prober's chuck Support Structure 
top, which is shown in FIG. 3 in phantom and indicated by 
reference numeral 48. This vacuum attachment assembly 
will be described below in detail. 

0072 AS mentioned above, the lower surface of the heat 
Sink 14 can be formed with a plurality of Support pegs or 
studs 40 which support the chuck 10 on the base 48. This 
base 48 can be either a bottom portion of the chuck 10 or a 
Support Structure that is part of the host apparatus, i.e., the 
prober. To provide the required mechanical Support and 
simultaneously thermally isolate the chuck 10 from the host 
machine, the heat Sink Studs 40 rest on a matching plurality 
of thermally nonconductive elements 52 shown in FIGS. 2 
and 3 in the form of upright posts, Studs or rods. In one 
embodiment, these elements 52 are made of a thermally 
insulating material Such as ceramic or glass. The thermally 
insulating Support elements 52 can be of any Suitable shape, 
Such as cylinders, Spherical balls or the rods shown and 
described herein. They can also be in any Suitable orienta 
tion, e.g., upright, laying down, etc. The embodiment 
described herein uses rods in an upright position, but other 
shapes and orientations can be used. It should be noted that 
the elements shown in FIG. 2 include two sets of glass rods. 
One set of rods 52 is located under the studs 40 formed in 
the heat Sink 14 as described herein. The Second Set of glass 
rods 54 shown in FIG. 2 is disposed in a ring surrounding 
the first Set. This Second Set is used in the vacuum attach 
ment assembly as described below to Support the heat Sink 
at its circumference on the base 48. 

0073. The lower support assembly 30 also includes one 
or more alignment pins 58 for aligning the upper Support 
assembly 26 and lower support assembly 30 when they are 
assembled together. The alignment pins 58 can be press fit 
into the heat sink 14 and its cap 32. The pins can be slip fit 
into alignment holes in the upper assembly 26 and in the 
base 48. In one embodiment, two alignment pins 58 are 
used. The upper assembly 26 and base 48 each include a 
circular hole which receives an end of one of the pins. The 
opposite ends of the other pin are received in alignment slots 
in the upper assembly 26 and the base 48 which allow the 
relative positions of the base and chuck to be adjusted. That 
is, the relative positions can change to accommodate relative 
radial expansion and contraction. However, relative rotation 
is prevented as is movement between centers. 
0074 The lower Support assembly 30 also includes a 
lower insulation plate 22 between the heat Sink/heater com 
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bination and the base 48. The lower plate 22 provides 
additional thermal insulation and can be formed with a 
plurality of clearance holes for the thermally insulating 
elements 52 and the alignment pins 58. The lower base 48 
can also include means for circulating fluid through the base 
48 to cool or control the temperature of the base 48. This 
establishes a thermal barrier between the chuck and the base 
to prevent heat flow between the chuck and the prober 
Support Structure. 

0075). As described above, the lower assembly 30 can 
also include a vacuum attachment assembly for attaching the 
chuck 10 to the base 48 and supporting the chuck 10 on the 
base 48. The vacuum attachment assembly includes the 
upper vacuum platform ring 44 and the lower vacuum 
attachment ring 50. The lower ring 50 includes two annular 
ringS 60 and 62 opposed to each other and Spaced apart from 
each other by a plurality of thin-walled, insulating tubes 66 
which can be formed of a low-thermally-conducting metal 
Such as StainleSS Steel. In one embodiment, twenty-four 
tubes evenly Spaced around the ringS 60 and 62 are located 
coaxially with twenty-four holes 68 in ring 60 and twenty 
four aligned holes 70 in ring 62. Each of the holes 68 and 70 
includes a counterbore 69 and 71, respectively, in which an 
end of a tube 66 is located. The tubes 66 are attached in 
position by oven brazing, Soldering or Similar process to 
assemble the two rings 60 and 62. 

0.076 Each of the rings 60, 62 includes a pair of annular 
channels formed on opposite Sides of the ring of holes 68, 
70. The ring 60 includes two annular channels 76 and 78 on 
opposite sides of holes 68, and ring 62 includes channels 80 
and 82 on opposite sides of holes 70. Each channel has 
inserted therein an O-ring for providing a vacuum Seal for its 
respective ring 60, 62. Specifically, channels 76 and 78 
include o-rings 84 and 86, respectively, for sealing ring 60 
to the bottom Surface of the upper Vacuum platform ring 44. 
Channels 80 and 82 include O-rings 88 and 90, respectively, 
for sealing ring 62 to the base 48. The lower vacuum 
attachment ring 50 also includes a vacuum port 92 for 
applying a vacuum to the vacuum attachment assembly to 
hold the chuck 10 to the base 48. When the vacuum is 
applied at the vacuum port 92, the lower Support assembly 
30 is held to the base 48. 

0.077 As noted above, a second set of rods 54 of a 
thermally insulating material Such as ceramic or glass are 
used as part of the vacuum attachment assembly to Support 
the chuck 10 on the base 48. Each of the rods 54 is located 
within an associated pair of holes 68, 70 and stainless steel 
tube 66. When the vacuum is applied, the Surface of the 
upper Vacuum platform ring 44 and the base 48 are pulled 
against the rods 54 between them. The o-rings 84, 86, 88 and 
90 provide the vacuum seal that permits attachment and the 
rods provide the mechanical Support. 

0078 FIG. 4 is a schematic plan view of the upper 
assembly 26 of the chuck 10 of the invention showing one 
embodiment of the vacuum distribution pattern on the top 
surface 12 of the chuck 10. As shown, the pattern actually 
can include two patterns, an inner pattern 110 and an outer 
pattern 112, each with its own vacuum connection port 114 
and 116, respectively. The ports 114 and 116 are connected 
by channels 122 and 124, respectively, to vacuum patterns 
110 and 112, respectively. The inner and outer patterns allow 
the chuck 10 to accommodate wafers of different diameters. 
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For example, in one embodiment, the chuck 10 may be used 
for either eight-inch wafers or twelve-inch wafers. When an 
eight-inch wafer is used, vacuum is Supplied through port 
114 only to activate only the inner vacuum pattern 110. 
When a twelve-inch wafer is used, vacuum is Supplied to 
both vacuum ports 114 and 116 to activate both vacuum 
patterns 110 and 112. 
0079 Each vacuum pattern 110, 112 can include a rect 
angular grid of raised rectangular regions 126 Separated by 
channels or grooves 128. A wafer being held to the chuck 
rests on the raised rectangular regions 126 while vacuum 
within the channels 128 holds the wafer down. The width of 
a channel 128 is represented in FIG. 4 as X, and the distance 
between channels is represented as y. In one embodiment, 
x=0.025 inch and y=0.250 inch. In another embodiment, 
x=0.050 inch and y=0.100 inch. Many other dimensions can 
be used. 

0080. The vacuum patterns can be formed by one of 
Several possible approaches. In one embodiment, the pat 
terns are formed by grinding the channels 128 into the 
Surface of the Substrate, leaving the raised regions 126 
between them. The Surface can then be coated with a 
conductive metallic material. In another embodiment, a 
uniform layer of metal is deposited onto the top Surface of 
the Substrate, and then the pattern of channels is etched into 
the metal, leaving a pattern of raised rectangular metallic 
pads. In another embodiment, the raised regions are formed 
by depositing the array of rectangular metallic pads onto the 
ceramic Substrate, leaving the channels between the pads. To 
provide electrical conduction between the chuck and the 
wafer, a thin layer of metal can be added on top of the 
patterned vacuum distribution layer. Any of the metallic 
layers can be deposited by a proceSS Such as Silk Screening, 
plating, Sputtering or brazing. 
0081. As mentioned above, the upper and lower supports 
or assemblies of the invention can also be held together by 
Spring force. FIG. 5 is a partial Schematic cross-sectional 
view of an alternative embodiment 210 of the chuck of the 
invention using springs to hold the chuck together. FIG. 5 
shows only the portions of the chuck 210 required for the 
description of the alternative embodiment of the invention. 
It will be understood that other elements of the chuck 210 
are similar to the corresponding elements described in detail 
above in connection with FIGS. 2 and 3. 

0082 The chuck 210 includes the upper support or 
assembly 26 held by vacuum to the conductive cap 32 on the 
heat sink 214. The heater 16 is intimately attached to the 
bottom of the heat sink 214 by some intimate attachment 
means Such as adherence by Vulcanization or epoxy bond 
ing. The chuck 210 is mounted to a host machine by a base 
248, and a lower support plate 222 is disposed between the 
base 248 and the upper portions of the chuck 210. 
0083) The base 248 includes an annular flange 249 which 
forms the circumferential edge of the base 248. A lower 
mounting ring 250 is located under the flange 249. A bolt 
204 holds the lower assembly of chuck 210 together. The 
bolt 204 extends through oversized clearance holes 212 and 
213 in the heat sink 214 and lower support plate 222, 
respectively, and is threaded into a threaded hole 202 in the 
lower mounting ring 250. 
0084. The lower assembly of chuck 210 is held together 
by Spring force which is provided by a partially compressed 
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coil spring 206 captured between a flat washer 205 and a 
capturing cup element 208. A TEFLONGR washer 211 is 
provided between the cup element 208 and the heat sink 214 
to allow the chuck parts to Slide relative to each other in 
response to differential temperature effects and to provide 
thermal insulation between the heat sink 214 and base 248. 
The oversized clearance holes are also provided to allow the 
chuck parts to move relative to each other and for thermal 
isolation. Thus, chuck and workpiece distortions due to 
differential temperature effects are Substantially eliminated. 

0085 FIG. 6 is a schematic partial cross-sectional view 
of another alternative embodiment 310 of the workpiece 
chuck of the invention. This embodiment of the chuck 310 
includes a top assembly 326 mounted over a heat sink 314 
which is covered by a conductive cap or cover 332 secured 
to the heat sink 314 by brazing or other known process. The 
heater 316 is adhered to the bottom of the heat sink 314 by 
Some process Such as Vulcanization or epoxy bonding. The 
heat sink 314 and heater 316 are mounted over a support 
plate 322 which is mounted on the base 348. Two alignment 
pins 358A and 358B are attached to the cap 332 by press fit 
into corresponding holes or by brazing or other attachment 
process. Free ends of the alignment pins 358A and 358B 
protrude into alignment holes in the upper assembly 326. 
The central alignment hole, which receives pin 358A, can be 
circular to provide a slip fit with the free end of the 
alignment pin 358A. The other hole, which receives align 
ment pin 358B, can be elongated to allow for radial move 
ment caused by differential temperature effects while pre 
venting rotation between parts of the chuck 310. 

0.086. In this embodiment, the base 348 can be attached 
to the heat sink 314 by bolts 321 which are secured in 
threaded holes 315 in the heat sink 314. To provide non 
constraining attachment in accordance with the present 
invention, a resilient Spring-type washer 323 can be used 
with each bolt 321. In one embodiment, the resilient or 
spring washer 323 is a belleville washer. The torque applied 
to the bolts 321 to tighten them is sufficient to partially 
compress the washers 323 such that sufficient force is 
applied to hold the chuck together under expected accelera 
tions. However, the applied torque is also low enough Such 
that the forces holding the chuck 310 together can be 
overcome by expansion forces caused by thermal effects. AS 
a result, the chuck layers can move relative to each other in 
a Substantially continuous fashion under thermal expansion 
forces while being held together against accelerations. The 
base 348 can be bolted to the host machine to hold the chuck 
310 on the prober support structure. 

0.087 FIG. 7 is a schematic cross-sectional diagram of 
another alternative embodiment 410 of the chuck of the 
invention. The chuck 410 includes a top assembly 426 which 
is mounted over an insulation layer 435. A heat sink 414 is 
covered by a conductive upper cap 432 which is attached by 
brazing or other process. A resilient, compressible (spring 
like) insulating paper 417 is applied to the bottom of the 
heater 416, and a metallic backing plate 419, made of a 
material Such as Stainless Steel, is attached to the bottom of 
the resilient paper 417 by screws (not shown) which pass 
through the paper 417 and the backing plate 419 and thread 
into the heat sink 414, thus attaching the heater 416 to the 
bottom surface of the heat sink 414. The upper components 
of the chuck 410 are mounted over the lower support plate 
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422 and the base 448, which can be attached to the host 
machine by bolts (not shown). 
0088. The upper portion of the chuck 410 is attached to 
the base 448 by an attachment mechanism 437. The attach 
ment mechanism 437 includes a boss 439 which is integrally 
formed as part of the bottom of the heat sink 414. An insert 
433 is fixedly mounted Such as by brazing in the inside of the 
boss 439. A three-point attachment member 427, as detailed 
in FIG. 8, is fixedly mounted in a recess 441 in the base 448. 
The three-point member 427 includes a hole 451 which 
provides clearance for the insert 433 when the chuck 410 is 
assembled. A threaded screw 429 is threaded into threaded 
hole 431 in the insert 433. The screw 429 provides attach 
ment force against a resilient washer 423 which can be a 
belleville washer. The resilient washer 423 is mounted over 
a flat washer 425, which can be made of an insulating 
material Such as a ceramic to reduce heat flow between the 
chuck 410 and the prober machine. The screw 429 is 
tightened Such that Spring force provided by the Spring 
washer 423 is applied to hold the upper portion of the chuck 
410 to the base 448. The three-point attachment member 427 
and the Spring attachment using the Screw 429 and resilient 
washer 423 provide sufficient force to hold the chuck 410 
together on the base 448 under accelerations due to posi 
tioning motions while allowing relative movement between 
the base 448 and the upper portion of the chuck 410 caused 
by thermal expansion forces Such that distortions caused by 
differential temperature effects are Substantially eliminated. 

0089 FIG. 8 is a schematic detailed cross-sectional view 
of the three-point attachment member 427. The attachment 
member includes two stationary spherical contact balls 445B 
and 445C which contact the insert 433 when the chuck 410 
is assembled. The stationary balls 445B and 445C are held 
in stationary position by adjustable set screws 447B and 
447C, respectively. Spherical ball 445A is moveable against 
coil spring 449 such that motion along the axis 453 is 
permitted Such that chuck layers can move relative to each 
other under thermal expansion forces. 

0090 FIG. 9A is a schematic partial cross-sectional view 
of another alternative embodiment of a workpiece chuck in 
accordance with the present invention. The chuck 500 
includes an upper portion 560 which includes a top assembly 
530, a guard layer 534 and a heat sink/heater assembly 532. 
The top assembly 530 is made of ceramic, quartz or other 
Similar electrically isolating material, which in turn can be 
metallized on its Surface Such as by Sputtering or plating for 
good electrical contact to the back Side of the wafer, and is 
held Stationary with respect to the heat Sink/heater assembly 
532. Alternatively, if high isolation is not required, the heat 
sink/heater top Surface can Serve as the wafer Support 
surface. The guard layer 534 can be disposed between the 
top assembly 530 and the heat sink/heater assembly 532. 
Contact can be made to the guard layer 534 via an electrode 
528 attached to the guard layer 534 by a screw 529. 

0091. The heat sink/heater assembly 532 and the top 
assembly 530 can be held together by vacuum, in one 
embodiment. Additionally, the workpiece or wafer can be 
held to the top surface 536 of the top assembly 530 by 
Vacuum. In one embodiment, two Separate vacuum Systems 
are used, a first vacuum system for holding the chuck 
together and the Second vacuum System for holding the 
workpiece to the top surface 536 of the chuck. To hold the 
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guard layer 534 to the heat sink/heater assembly 532, the 
assembly 532 can have a vacuum distribution pattern 564 
formed on its top surface. The Substantially uniform and 
smooth lower surface of the guard layer 534 is held to the top 
of the heat sink/heater assembly 532 upon activation of the 
Vacuum System. 

0092. The guard layer 534 can also include a vacuum 
distribution pattern on its top surface 566 to distribute 
Vacuum of the first vacuum system acroSS its Surface to hold 
the top assembly 530 to the top of the guard layer 534. The 
guard layer therefore includes a pattern of holes from its 
bottom Surface to its top Surface which transfer vacuum up 
through the guard layer 534 to the vacuum distribution 
pattern on its top surface 566. The vacuum distribution 
pattern formed on the top surface 566 of the guard layer 534 
preferably includes a pattern of conductive metallic material 
deposited on the guard layer Such as by plating. The material 
can be copper or other conductive material. The heat Sink/ 
heater assembly 532, the guard layer 534 and the top 
assembly 530 all include a pattern of holes used to transfer 
vacuum of the second vacuum system to the top surface 536 
of the chuck. The vacuum at the top surface 536 is distrib 
uted by a vacuum pattern formed on the top assembly 530 
to hold the wafer to the top of the chuck 500. 
0093. The heat sink/heater assembly 532 includes a hous 
ing 533 which is made of a material Such as cast aluminum. 
In one embodiment, the top Surface can be coated or plated 
with a hard material Such as a hard anodize. This prevents 
the material of the top of the heat sink/heater assembly 532 
from being rubbed onto the guard layer 534 or other layer on 
top of the assembly 532 during the relative lateral movement 
caused by thermal expansion/contraction and/or other 
effects. Especially at high temperatures, the relatively Soft 
aluminum of a cast heat Sink/heater assembly can cause the 
layer in contact with the top Surface of the assembly to 
become galled, i.e., coated with aluminum. The plating 
eliminates this effect. The use of a non-conductive plating 
Such as hard anodize also enhances electrical isolation. 
Within the housing 533 are located heater coils for applying 
heat to the chuck 500 as well as circulating tubes for 
circulating fluid throughout the heat Sink/heater assembly 
532 which can be used to cool the chuck 500. 

0094) The upper portion 560 is mounted over a lower 
portion 562 of the chuck 500. The lower portion 562 can 
include an insulating plate 538 made of a material Such as a 
ceramic or quartz or other similar material. A reflective foil 
540 can be formed over the lower insulating plate 538 to 
provide additional thermal isolation between the upper por 
tion 560 and the lower portion 562 of the chuck 500. The 
insulating plate 538 is mounted over a base or mounting 
plate 516 which can be a part of the chuck 500 or optionally 
is part of the host machine, e.g., prober. 
0.095 The upper portion 560 of the chuck 500 is Sup 
ported over the lower portion 562 by a plurality of support 
members 576. In one embodiment, three support members 
576 are spaced evenly around the center 577 of the chuck 
500 at an equal distance from the center 577 of the chuck 
500. Therefore, in one embodiment, three support members 
576 are spaced 120 degrees apart on a circle centered at the 
center 577 of the chuck 500. 

0096. As shown in one embodiment, each support mem 
ber 576 includes a flat pad 524 resting on top of the curved 
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surface of a spherical ball 520. The flat pad 524 is positioned 
within an inclined cavity 526 having an inclined inner 
Surface 527 formed in the bottom of the heat sink/heater 
assembly 532. The spherical ball 520 rests within a conical 
seat member 518 which is mounted in stationary relation 
with the lower Support plate 516. The ball 520 and the pad 
524 are both preferably made from a hardened material, such 
as tungsten carbide or StainleSS Steel. The hardened front 
surface 522 of each pad 524 rests on a surface of a ball 520. 
0097 Hence, the upper portion 560 of the chuck 500 rests 
on the lower portion 562 at essentially three contact points 
between hardened pads 524 and hardened spherical balls 
520. Because the contact points are small and because the 
pads 524 and balls 520 are made of thermally insulating 
material, heat transfer between the upper portion 560 and the 
lower portion 562 of the chuck 500 is extremely limited. 
Also, the three-point contact System of inclined Surfaces 
provides a high level of stability in the chuck 500, which 
resists relative tilting motion between the upper portion 560 
and the lower portion 562. In another embodiment, more 
than three Support members 576, e.g., Six, can be used. The 
additional Support members 576 are used to provide added 
Support when needed, Such as when the chuck is operated at 
elevated temperatures that cause one or more chucklayers to 
Soften and change shape, or when Significant vertical loads 
are applied to the chuck. To maintain the Stability of the 
planar three-point Support System, the additional Support 
members are configured Such that three Support members 
maintain contact with the upper and lower chuck portions. 
For example, the spherical balls 520 of the additional 
Support members can have slightly Smaller diameters than 
those of the three principal Support members. In this case, 
the three principal Support members provide constant Sup 
port. The additional Supports become effective under Special 
conditions Such as elevated temperature or increased vertical 
load to provide Support to maintain the top surface 536 of the 
chuck 500 very flat. 
0098. Each pad 524 is tilted with respect to horizontal 
along a line extending axially from the center 577 of the 
chuck 500 through the pad 524. The angle of incline is 
chosen based on Several factors designed to ensure that the 
top surface 536 of the chuck 500 remains at a substantially 
constant height over a wide range of temperature. During 
temperature transitioning, the multiple components of the 
chuck 500 experience changes in Shape and Size due to 
thermal expansion and contraction effects. For example, as 
temperature increases, the heat Sink/heater assembly 532 
expands in both the horizontal and vertical directions. With 
out the support members 576 of the invention, the top 
surface 536 would rise as temperature increased and would 
fall as the temperature decreased, due to expansion and 
contraction in the vertical dimension. However, with the 
inclined pads 524 of the invention, the top surface 536 can 
be kept at a Substantially constant height over temperature. 
0099. As the temperature of the chuck 500 increases, the 
upper portion of the chuck expands vertically and horizon 
tally. As it expands horizontally, the front surfaces 522 of the 
inclined pads 524 slide along the spherical balls 520, which 
are maintained stationary with respect to the base 516 of the 
chuck 500. The incline angle resolves the horizontal expan 
sion into a vertical drop of the entire upper portion 560 of the 
chuck. This vertical drop compensates for the vertical 
expansion in the upper portion 560 due to thermal effects. 
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The result is that the top surface 536 and, therefore, the 
wafer being tested, are kept at a constant height. As a result, 
downward forces on the wafer and chuck, Such as those 
applied by an integrated circuit or wafer prober, are main 
tained Substantially constant. Also, contacts between the 
probes and the wafer are maintained more reliably, thus 
providing more accurate circuit test results. 

0100. The support members 576 of the invention provide 
wide functional flexibility in the chuck of the invention. The 
incline angle can be Selected based on a variety of factors, 
Such as the thermal expansion coefficients of the materials 
used to fabricate the chuck, the diameter of the chuck, the 
thicknesses of the various components, and the expected 
temperature range. The angle of incline can be selected Such 
that, using a certain predetermined set of components of 
predetermined sizes and made of predetermined materials, 
and operating over a predetermined temperature range, the 
height of the top Surface 536 can be maintained as constant 
as possible. All of these factors, and other factors, can be 
optimized to produce the desired result. 

0101 The surfaces 522 of the sliding pads 524 are 
maintained in contact with the Surfaces of the Spherical balls 
520 by one or more hold-down assemblies 546. The hold 
down assembly 546 includes a screw or bolt 557 captured at 
its head 550 in a cavity 552 formed in the bottom of the heat 
sink/heater assembly 532. A lower plate 542 having similar 
thermal expansion as the heat sink/heater assembly 532 is 
bolted onto the bottom of the heat sink/heater assembly 532 
by multiple bolts or screws 544 to capture the head 550 of 
the screw 557 in the cavity 552. The screw 557 of the 
hold-down assembly 546 passes through clearance openings 
in the lower insulating plate 538 and in the base 516. A nut 
556 is threaded onto the end of the Screw 557 to hold the 
screw 557 in place. The nut tightens against a washer 554 in 
a counterbore 558 which compresses a spring 548 within a 
cavity 549 in the base 516. This spring capture attachment 
mechanism allows for free movement of the components of 
the chuck to prevent distortions introduced by rigid attach 
ment. 

0102) In the chuck 500 of the invention, the upper portion 
560 is maintained in central alignment with the lower 
portion 562 by an alignment hold-down assembly 502. The 
assembly 502 includes a pin or stud 514 having a head or 
flange portion 512 fixedly attached in an opening 515 on the 
bottom of the heat sink/heater assembly 532, such as by 
preSS fit, welding, brazing, Soldering, etc. or a combination 
of those methods. The Stud 514 passes through an opening 
in the lower plate 542 and the lower insulating plate 538 into 
a cavity 509 formed in a bushing 513 held in the base 516 
by screws 517. A floating taper portion 510 is inserted into 
the bushing 513 over the end of the stud 514. A taper 506 is 
inserted into a matching tapered opening in the floating taper 
510 and is captured at the end of the stud 514 by a screw 511 
threaded into the end of the stud 514. Abutterfly spring 508 
is captured within the cavity 509 by the floating taper 510. 
Again, the Spring force provides non-rigid mounting of the 
upper portion 560 of the chuck 500 with respect to the lower 
portion 562. As the chuck 500 expands, and/or contracts 
over temperature, the center of the upper portion 560 of the 
chuck is maintained in line with the center of the lower 
portion 562 by the centering alignment hold-down assembly 
502. 
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0103 FIG.9B is a schematic pictorial view of an alter 
native embodiment 502A of the centering alignment hold 
down assembly of the invention. In the device 502A, the 
stud 514A is held at its flange portion 512A in the opening 
515 in the bottom of the heat sink/heater assembly 532, as 
described above. The stud 514A passes through a bushing 
513A held stationary within the base 516 by screws 517A 
(not shown). The stud514A is held within the opening in the 
bushing 513A by a nut 511A threaded onto the end of the 
stud 514A. The nut captures one or more wave washers or 
spring washers 508A which compress when the nut 511A is 
tightened. The spring force of the washers 508A hold the 
upper portion 560 and lower portion 562 together in non 
constraining fashion. 
0104 FIG. 10A is a schematic pictorial view of an 
alternative embodiment of a support member 576A in accor 
dance with the present invention. The Support member 576A 
includes a pad 524A fixedly attached within an inclined 
cavity 526A formed in the bottom of the heat sink/heater 
assembly 532. A substantially spherical ball 520A is held 
within a seat 518A fixedly mounted with respect to the base 
516 and lower insulating plate 538. Preferably, the pad 524A 
and spherical ball 520A are made of a hardened material 
Such as tungsten carbide or stainless Steel. In this embodi 
ment, the spherical ball 520A is formed with a flat region 
521A on its Surface which contacts the front Surface 522A of 
the flat pad 524A. Upon expansion and contraction of the 
chuck components, the flat pad 524A Slides in contact at its 
front surface 522A with the flat region 521. A formed on the 
surface of the spherical ball 520A. 
0105 FIG. 10B is a schematic pictorial view of another 
alternative embodiment of a support member 576B in accor 
dance with the invention. In this embodiment, a flat pad 
524B is fixed within an inclined cavity 526B formed in the 
bottom of the heat sink/heater assembly 532. In this embodi 
ment, the surface 522B of the pad 524B mates with and 
slides along a flat surface 521B formed at the end of a 
support rod 523B. This support rod 523B is fixed within a 
stationary seat 518B which is held stationary with respect to 
the base 516 and lower insulating plate 538. As the chuck 
expands and contracts over temperature, the flat Surface 
522B of the flat pad 524B slides over mating flat surface 
521B at the end of the support rod 523B. 
0106 FIG. 11A is a schematic top view of one embodi 
ment of the heat sink/heater assembly 532 in accordance 
with the present invention. The assembly 532 includes a 
housing 533 which encloses the components of the assembly 
532. The assembly 532 includes heater coils used to heat the 
chuck 500 and workpiece. Also included in the assembly 
532 is a tube 580 used to circulate fluid through the assembly 
532. In one embodiment, the fluid enters the tube 580 at an 
inlet port 582 and circulates through the assembly 532 as 
shown. The fluid exits the assembly via an outlet port 584. 
In one embodiment, the tube 580 is flattened as shown in 
FIG. 1B, which is a schematic cross-sectional view of the 
tube 580. The tube is flattened such that the height of the 
tube 580 and, therefore, the height of the heat sink/heater 
assembly 532 and the overall height of the chuck 500 can be 
minimized. The heat sink/heater assembly 532 also includes 
one or more vacuum transfer hole patterns 586 and 588. The 
vacuum from the two individual vacuum systems of the 
invention is transferred through the heat Sink/heater assem 
bly via the vacuum hole patterns 586 and 588. 
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0107 FIG. 12 is a schematic illustration of the cross 
Section of one embodiment of a guard layer 534 in accor 
dance with the invention. The guard layer 534 actually 
includes five individual layers 534A through 534E. In one 
embodiment, three conductive layers 534A, 534C and 534E 
are separated by two insulating layers 534B and 534D which 
are formed of an insulating material Such as polyimide. The 
lower conductive layer 534A is substantially smooth and 
serves as the surface used to hold the guard layer 534 to the 
Vacuum distribution pattern formed on the top of the heat 
sink/heater assembly 532. Layer 534C is substantially 
Smooth and Serves as the actual guard layer of the guard 
layer assembly 534. The electrical connection made via the 
electrode 528 (see FIG. 9A) is made through middle layer 
534C. Layer 534E is also formed of a conductive material 
and preferably includes a vacuum distribution pattern used 
to distribute vacuum to hold the guard layer to the bottom of 
the top assembly 530 (see FIG. 9A) during use. 
0108 FIG. 13 is schematic top view of the guard layer 
assembly 534 in accordance with the present invention. The 
assembly 534 includes a top layer 534E which includes a 
Vacuum distribution pattern for holding the guard layer 
assembly 534 to the top assembly 530 of the chuck 500 (see 
FIG. 9A). A conductive tab 603 connected to the middle 
conductive layer 534C allows for electrical contact to the 
guard layer 534C. As shown, the guard layer assembly 534 
also includes a Series of holes used to transfer vacuum 
through the guard layer assembly up to and through the top 
assembly 530 such that the vacuum can hold the workpiece 
to the top surface 536 of the chuck 500. 

0109 FIG. 14A is a schematic partial cross-sectional 
diagram of another alternative embodiment of a workpiece 
chuck in accordance with the present invention. The chuck 
600 of FIG. 14A uses thermally insulating support posts 
612, as described above in connection with FIGS. 1-3, to 
provide mechanical Support and thermal isolation between 
the upper portion of the chuck 600 and the lower portion of 
the chuck, Such that heat transfer between the chuck and the 
host machine is substantially reduced. The chuck 600 
includes a top assembly 630 mounted to the top of the heat 
sink assembly 632. A guard layer assembly 634 can be 
located between the top assembly 630 and the heat sink 
assembly 632. Alignment pins 606 and 608 can be used as 
described above to prevent rotational movement between the 
top assembly 630 and the heat sink assembly 632 while 
allowing radial expansion and contraction due to tempera 
ture effects. Lift pins such as those identified by 610 are used 
to lift the wafer from the top of the top assembly 630. 

0110. The support rods 612 are attached to the bottom of 
the heat sink assembly 632 by threaded screws 614. The 
heads 615 of the Support rods are captured by a retaining 
plate 616. The retaining plate 616 is pulled down to the 
lower Support Surface 602 by vacuum applied via a vacuum 
port 640. Annular seals 618 seal the vacuum within the 
region between them Such that the vacuum holds the retain 
ing plate 616 to the lower support surface 602. The lower 
support surface 602 is bolted to the host machine by bolts 
604. When vacuum is applied, the retaining plate 616 is 
pulled down against the seals 618. It pulls the support rods 
by their heads 615 down onto the lower support surface 602. 
A ceramic insulating paper 642 and an insulating tape 644 
such as KAPTONOR polyimide film can be applied as shown 
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to provide additional thermal isolation between the upper 
and lower portions of the chuck 600. 

0111 FIG. 14B is a schematic pictorial view of a manual 
hold-down assembly which can be used to manually tem 
porarily hold the chuck of FIG. 14A to the lower Support 
surface 602. The manual hold-down assembly is used to 
temporarily manually clamp the retaining plate 616 to the 
lower support surface 602 before the vacuum is applied to 
hold the chuck together during operation. The assembly 
includes a thumb screw 650 which passes through a clear 
ance hole 652 and threads into the lower support surface 
602. During operation, when the chuck is first placed on the 
lower support surface 602, the retainer plate 616 is posi 
tioned on the lower Support surface 602, and the thumb 
screw 650 is tightened to make the vacuum seal formed by 
the annular seals 618. Thereafter, the vacuum can be applied 
to pull the chuck together. 

0112 After the vacuum is applied and the annular seals 
618 flatten as shown in FIG. 14A, the thumb screw 650 can 
be further tightened such that if vacuum is ever lost or 
temporarily disconnected, the chuck 600 will remain in 
position by the manual hold-down assembly until Vacuum is 
reapplied. It should be noted that multiple manual hold 
down assemblies are used around the circumference of the 
retainer plate 616. 

0113 FIG. 15 is a schematic partial cross-sectional view 
of another alternative embodiment of a chuck 700 in accor 
dance with the present invention. The chuck 700 includes lift 
pins such as those identified by 710 used to lift the work 
piece off the top surface of the chuck 700. The lift pin 
actuation mechanism 712 is located at the outside edge of 
the chuck 700. The chuck 700 includes a top assembly 730, 
a guard layer 734 and a heat sink assembly 732. As in the 
previously described embodiment, thermally insulating Sup 
port rods 712 are attached to the bottom of the heat sink 
assembly 732 by screws 714. Alignment pins 706 and 708 
provide alignment as described above. In this embodiment, 
a lower thermally insulating Stage plate 717, which can 
made of an insulating material Such as glass, quartz, 
ceramic, etc., is mounted on the host machine. The insulating 
support rods 712 rest on the insulating stage plate 717. The 
retaining plate 716 captures the heads of the Support rods 
712 to hold the upper portion of the chuck down to the stage 
plate. AS in the previously described embodiments, the 
retainer plate 716 is held to the stage plate 717 by vacuum 
(not shown). Multiple thermally insulating guide pads 718, 
made of a thermally and electrically insulating material Such 
as glass, quartz, ceramic, etc, are positioned under the 
retainer plate 716 on the stage plate 717 and provide relative 
rotational orientation between the retainer plate 716 and the 
Stage plate 717 while permitting radial expansion and con 
traction. 

0114 FIG. 16 is a schematic pictorial partial cross 
Sectional view of a portion of another alternative embodi 
ment of a workpiece chuck in accordance with the present 
invention. The chuck 800 of FIG. 16 contains an alternative 
support member configuration to that shown in FIGS. 
9A-9B and 10A-10B. The features of the chuck 800 shown 
in FIG. 16 are applicable as appropriate to all of the chuck 
embodiments described herein. The chuck 800 of FIG. 16 
will be described in terms of those of its features that are 
different from those of the other chuck embodiments 
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described herein. Description of features of the chuck 800 
that are implemented in one or more of the other chuck 
embodiments described herein is omitted. 

0115 The chuck 800 of FIG. 16 implements a different 
support member 876 configuration than that used in the 
chuck of FIGS. 9A, 9B, 10A and 10B. Specifically, in the 
embodiment of FIG. 16, the spherical balls 820 or other 
contact Surface is at the bottom end of the Support member 
876 which in turn is attached to the upper portion 860 of the 
chuck 800, and the inclined surfaces against which the 
spherical balls 820 move are attached to the lower portion 
862 of the chuck 800. The following description describes 
the support members 876 in terms of the use of spherical 
balls 820 and inclined Surfaces 822. It will be understood 
that the invention is applicable to any of the other Support 
member configurations described herein, Specifically, those 
described in connection with FIGS. 9A, 10A and 10B. That 
is, the support members 876 used in the chuck 800 of FIG. 
16 can include spherical balls, spherical balls with flat 
Surfaces or Support rods with flat Surfaces that mate with the 
inclined Surfaces of pads. In addition, the Support rods or 
Spherical balls can be mounted in a flat rectangular Station 
ary Seat or a conical Seat. 

0116. In the embodiment 800 shown in FIG. 16, the 
spherical balls 820 are mounted within a stationary conical 
seat 818 which is attached within the bottom of the heat 
sink/heater assembly 832. A stud portion 840 at the top of the 
seat 818 is fit such as by press fit within a bushing 842 made 
of a relatively hard non-conductive material Such as StainleSS 
steel. The bushing is inserted within an opening 846 in the 
bottom of the heat sink/heater assembly 832. The stainless 
Steel bushing provides Stability and Support to the conical 
seat 818 over the wide range of operational temperatures of 
the chuck 800. In one embodiment, the housing of the heat 
sink/heater assembly 832 is made of cast aluminum and, 
therefore, at elevated temperatures tends to Soften. The 
stainless steel bushing 842 provides stability and rigid 
attachment for the conical seat 818 Such that inadvertent 
movements due to Softening of material over temperature is 
substantially eliminated. The conical seat 818 can also be 
made of an insulating material Such as Stainless Steel Such 
that heat transfer between the heat sink/heater assembly 832 
and the spherical ball 820 is substantially reduced. 

0117 The spherical ball 820 rests on the surface 822 of 
an inclined pad 824, which is mounted in a Stationary 
fashion to the end of a stud 825 within a cavity 826 formed 
in the lower support plate 816. The stud 825 and therefore 
the pad 824 and surface 822 are mounted at an incline 
defined by the inclined bottom surface 827 and walls of the 
inclined cavity 826. As described above, the angle of incline 
is Selected based on various factors including thermal expan 
Sion coefficients and required operational temperature 
rangeS. 

0118. This configuration of the support member 876 
provides improved performance over temperature. The pads 
824 are mounted in the lower support plate 816 and are 
therefore maintained at or close to room ambient tempera 
ture. Also, the spherical balls 820 are isolated from the heat 
sink/heater assembly 832 by the conical seat member 818. 
Therefore, heat flow to the spherical balls 820 and/or the 
pads 824 is substantially reduced. The chuck 800 can also 
include an enclosure 861 which provides a heat flow “swirl' 
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chamber 850 in the region between the heat sink/heater 
assembly 832 and the lower support plate 816. Air or other 
cooling fluid can be circulated through the lower Support 
plate 816 via a valve or inlet 854. Fluid passages 857 route 
the air from the inlet 854 to the outlet hole 856 to allow the 
air to circulate through the chamber 850. The air circulates 
through the region to maintain the Support members 876 at 
a relatively cool temperature. The air can pass through a 
porous fiber ceramic gaskets 823 Surrounding the conical 
seat member 818, and can pass out of the enclosure 861 
through a space 852. 
0119) The improved temperature operating conditions of 
the support members 876 allows for selection of spherical 
ball and pad materials which provide improved perfor 
mance. For example, the balls and/or pads can be made of 
Silicon nitride or alumina which can be highly polished to 
allow for Smooth movement during expansion and contrac 
tion over temperature. These balls and pads are also highly 
insulating both electrically and thermally, resulting in much 
improved performance. 

0120) The enclosure 861 can be made of a material such 
as stainless steel which has a relatively low emissivity. The 
highly reflective outside surface of the enclosure 861 allows 
the enclosure to act as a heat shield. Also, the enclosure 861 
can be made to extend to the top of the chuck 800 such that 
it can be electrically grounded and it can Serve as an EMI 
shield. The heat shield enclosure 861 can be secured to the 
lower support plate 816 by multiple screws 817 in counter 
bored cavities 819 formed in the lower support plate 816. 
0121. In one embodiment, the heat sink/heater assembly 
832 includes a hard coating 833 such as a hard anodize 
which prevents the relatively Soft cast aluminum material of 
the heat Sink/heater enclosure from rubbing off onto mating 
upper chuck layers during expansion and contraction during 
temperature transitions. 

0122) The chuck 800 of FIG. 16 also includes an 
improved alignment hold-down assembly 802 which applies 
clamping force to hold the upper portion 860 of the chuck 
800 onto the lower portion 862 in a non-constraining fashion 
in accordance with the invention. The hold-down assembly 
802 maintains contact between the spherical balls 820 and 
the inclined surfaces 822 of the Support members 876 Such 
that during expansion and contraction over temperature, the 
Surfaces of the balls 820 and the inclined Surfaces 822 move 
relative to each other to maintain the top Surface of the chuck 
at a constant height, in accordance with the invention. The 
hold-down assembly 802 includes a stud 814 secured to the 
bottom surface of the heat sink/heater assembly 832. A large 
flange area 812 is mounted in a Stationary fashion to the 
bottom surface of the heat sink/heater assembly 832 by 
fastening means Such as Screws (not shown). An end region 
864 of the stud 814 is press fit within a stainless steel 
bushing 863 which is mounted within an opening 865 in the 
bottom of the heat sink/heater assembly 832. The large 
flange 812 in combination with the end portion 864 of the 
stud 814 within the bushing 863 provides an extremely 
secure and stable mounting of the stud 814 to the bottom of 
the heat sink/heater assembly 832. 
0123 The lower portion of the stud 814 passes through 
an electrically and thermally insulating bushing 810 to the 
lower plate 816. A bolt or screw 811 is threaded into a 
threaded hole in the bottom of the stud 814. The Screw 811 
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tightens against an insulating washer 809 which compresses 
a captured Spring 808 to Secure the upper and lower portions 
of the chuck together in a non-constraining fashion. 
0.124. This hold-down assembly 802 prevents the upper 
and lower chuck portions from Sliding with respect to each 
other during temperature transistioning. The relative sliding 
between the chuck components due to thermal expansion 
and contraction is permitted such that the spherical balls 820 
can move relative to the inclined Surfaces 822. However, the 
centers of the upper and lower portions of the chuck 800 are 
maintained Stationary with respect to each other by the 
hold-down assembly 802. 
0.125 While this invention has been particularly shown 
and described with references to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the Spirit and Scope of the invention 
as defined in the following claims. 
What is claimed is: 

1. A chuck for Supporting a workpiece comprising: 
an upper portion on which the workpiece can be mounted; 
a lower portion by which the chuck can be mounted to a 

base; and 
a temperature control device for altering the temperature 

of the workpiece, Said temperature control device hav 
ing a housing made of a cast material, an upper Surface 
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of Said housing being coated with a hard material to 
prevent the cast material from rubbing off of the 
housing and onto a chuck layer in contact with the top 
Surface. 

2. The chuck of claim 1 wherein the hard material 
comprises a hard anodize. 

3. The chuck of claim 1 wherein the temperature control 
device comprises a heat Sink. 

4. A method of Supporting a workpiece with a chuck 
comprising: 

providing an upper portion on which the workpiece can be 
mounted; 

providing a lower portion by which the chuck can be 
mounted to a base; 

providing a temperature control device for altering the 
temperature of the workpiece, Said temperature control 
device having a housing made of a cast material; and 

coating an upper Surface of Said housing with a hard 
material to prevent the cast material from rubbing off of 
the housing and onto a chuck layer in contact with the 
top Surface. 

5. The method of claim 4 wherein the hard material 
comprises a hard anodize. 

6. The method of claim 4 wherein the temperature control 
device comprises a heat Sink. 

k k k k k 


