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(57) ABSTRACT 

A workpiece chuck includes an upper assembly on Which 
can be mounted a ?at workpiece such as a semiconductor 
Wafer. AloWer 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 US. 
patent application Ser. No. 09/473,099, ?led on Dec. 28, 
1999, Which is a continuation-in-part of US. patent appli 
cation Ser. No. 09/115,206, ?led on Jul. 14, 1998, noW 
issued U.S. Pat. No. 6,019,164, Which is a continuation-in 
part of Us. patent application Ser. No. 09/001,893, ?led on 
Dec. 31, 1997, noW issued US. 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 ?at Workpieces and speci?cally 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 
?at. 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 bene?cial to 
keep the Wafer extremely ?at 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 coef?cients 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, in?exible 
mechanical fastening means. Furthermore, the chuck is 
typically held to the base of the host machine by similar rigid 
means. 

[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 ?atness of 
the Wafer. The non-?at 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 
coef?cients, 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 suf?cient 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 magni?ed 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 dif?cult to hold Wafers ?at 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 ?oW 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 

[0014] It is an object of the invention to provide a Work 
piece chuck in Which the foregoing disadvantages of prior 
devices are substantially eliminated. 

[0015] It is a more speci?c object of the invention to 
provide a Workpiece chuck for supporting a Workpiece 
Which maintains the Workpiece substantially ?at 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. 

[0017] 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. 
[0018] It is still another object of the invention to provide 
a Workpiece chuck on Which large-diameter semiconductor 
Wafers can be supported and maintained ?at 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 ef?ciency. 

[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 ?rst 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 suf?cient 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 con?guration, 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 



US 2002/0066551 A1 

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 de?ne 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 ?rst 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 ef?cient heat ?oW 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 
?uid ?oWs. The tubing can be formed as a spiral intake With 
a reverse spiral outlet, With intake tubing adjacent to outlet 
tubing to provide ef?cient and uniform removal of heat from 
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the heat sink. In one embodiment, the tubing can be ?attened 
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 ?attened such as by pressing the 
tubing and then placed in the heat sink housing. In one 
embodiment, ?uid can also ?oW through the bottom of the 
loWer assembly to maintain an ambient temperature barrier 
betWeen the chuck and the base to prevent heat ?oW 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 
?t With its associated alignment pin. Another hole can be 
elongated to provide a slip ?t With a pin in one direction and 
to alloW motion of the pin in the orthogonal radial direction. 
This con?guration 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 heat sink 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 suf?cient to de?ne 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 ?xed 
relation to one of the upper and loWer portions and a mating 
contact surface mounted in ?xed 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 suf?ciently 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 con?guration 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 

Jun. 6, 2002 

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 ?at, and the contact surfaces can be 
rounded or ?at. Speci?cally, a contact surface can be the 
surface of a spherical ball. Alternatively, the contact surface 
can be a ?at formed on a spherical ball or a ?at 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 de?nes a chamber betWeen the upper and loWer 
portions of the chuck. In one embodiment, air or other ?uid 
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 re?ective 
outside surface to provide thermal re?ection. 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 
US. patent application Ser. No. 09/011,887 entitled “Tem 
perature Control System for a Workpiece Chuck,” ?led 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 US. patent application Ser. 
No. 09/001,927, entitled “PoWer and Control System for a 
Workpiece Chuck,” ?led 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. 

[0043] 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. 

[0045] FIG. 3 is a schematic cross-sectional vieW of the 
chuck of FIG. 2 using vacuum to hold the chuck together. 

[0046] 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 ?at 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. 

[0048] 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. 

[0052] 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. 

[0054] 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. 

[0058] 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 ?uid 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 


















