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(57) ABSTRACT 

An apparatus, process for forming an apparatus, and method 
for testing a semiconductor die having ?rst and second die 
terminals. The apparatus includes a substrate having a 

coef?cient of thermal expansion approximately equal to a 
thermal expansion coef?cient of the die. The substrate 
includes ?rst and second test terminals positioned on a 

surface of the substrate and positionable proximate to the 
die. The ?rst test terminal is a conductive portion aligned 
With and spaced apart from a conductive portion of the ?rst 
die terminal When the substrate is positioned proximate to 
the die. The ?rst test terminal is coupleable to a variable 

poWer source current to generate a variable signal at the ?rst 

test terminal and capacitively generate a corresponding 
signal at the ?rst die terminal. The second test terminal is 
aligned With the second die terminal When the conductive 
portion of the ?rst test terminal is aligned With the ?rst die 
terminal. 



Patent Application Publication Dec. 27, 2001 Sheet 1 0f 8 US 2001/0054908 A1 



Patent Application Publication Dec. 27, 2001 Sheet 2 0f 8 US 2001/0054908 A1 

Mg. 3 





Patent Application Publication Dec. 27, 2001 Sheet 4 0f 8 US 2001/0054908 A1 

11g. 

Fig. 40 



Patent Application Publication Dec. 27, 2001 Sheet 5 0f 8 US 2001/0054908 A1 



Patent Application Publication Dec. 27, 2001 Sheet 6 0f 8 US 2001/0054908 A1 

700 

Mg. 7 

40a 

8 1g. 



Patent Application Publication Dec. 27, 2001 Sheet 7 0f 8 US 2001/0054908 A1 

10 \ "a ’ ' 
700M . ' 6,0 23 

23 24 : 22 \ : 
S .\\\\\‘(N g5 

M 

25 /# K / If? 
22 90 

20 i i 



Patent Application Publication Dec. 27, 2001 Sheet 8 0f 8 US 2001/0054908 A1 

v“ 
655/‘ 60b 
A25 E5: , .4122: 5;: 

2v 
) 

300 

E5: M1532: 5:3 
l I | I I I: 

3K ‘E2: xiii: 
Fill 

________,_ 
.0 

Wk. x3 2 

Fly. 103 



US 2001/0054908 A1 

METHOD AND APPARATUS FOR CAPACITIVELY 
TESTING A SEMICONDUCTOR DIE 

TECHNICAL FIELD 

[0001] The present invention is directed toward a method 
and apparatus for capacitively applying a test signal to a 
semiconductor die. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor dies form the core of semiconduc 
tor modules and other devices Which are used extensively 
throughout the computer industry, telecommunication 
industry, and myriad related industries. The dies are typi 
cally tested during the manufacturing process to ensure that 
the dies conform to operational speci?cations. The resulting 
dies are then installed in the semiconductor module or 
device. 

[0003] Semiconductor dies are typically tested by placing 
conductive test leads in contact With respective bond pads of 
the die, applying a test signal to the bond pads via the test 
leads, and determining Whether the die responds With the 
proper output signals. To ensure proper transmission of the 
test signals to the die, the test leads may be placed in 
physical contact With the bond pads of the die using a variety 
of methods. One method is to solder the leads to the bond 
pads. Another method is to couple the leads to terminals and 
then force the terminals into engagement With the bond pad, 
deforming both the terminals and the bond pad. One draW 
back of the foregoing methods is that they include at least 
temporarily connecting the leads or terminals to the bond 
pads prior to testing and then disconnecting the leads or 
terminals subsequent to testing. Connecting and disconnect 
ing the leads is time consuming and may damage the bond 
pads, making it dif?cult to permanently install the die in a 
semiconductor module When testing has been completed. 

[0004] One approach to solving the foregoing problem has 
been to replace the test leads With test pads, Which are 
capacitively coupled to corresponding bond pads of the die. 
The capacitive coupling is formed by a dielectric layer 
positioned betWeen an electrically conductive portion of the 
test pad and the corresponding conductive portion of the 
bond pad. No direct physical contact is required betWeen the 
conductive portions of the test pads and the corresponding 
bond pads. As a result, the likelihood that the bond pads Will 
become damaged by the test pads is reduced. This method 
may also be less expensive than conductive testing methods 
because capacitively coupling and decoupling the bond pads 
and test pads may require less time and effort than conduc 
tively connecting and disconnecting the bond pads and test 
leads. 

[0005] Conventional methods for capacitively testing a 
semiconductor die suffer from several draWbacks. The 
capacitive test pads of a device used to test the die may be 
large compared to bond pads and may not be aligned With 
the bond pads. As a result, an interlayer must be placed 
betWeen the bond pads of the die and the capacitive test 
pads. Contacts on the surface of the interlayer are aligned 
With the capacitive test pads of the test device and are 
connected through the interlayer to the bond pads of the die. 
Forming the interlayer requires an additional manufacturing 
step and it may be necessary to remove the interlayer before 
the die may be permanently installed, requiring yet another 
manufacturing step. 
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[0006] Another draWback With a conventional method and 
device used to capacitively test semiconductor dies is that 
the device has a thermal expansion coef?cient Which is 
different than the thermal expansion coef?cient of the die 
material. As a result, When the die is tested at high tempera 
tures, the die and the test device expand at different rates and 
capacitive coupling may not be maintained betWeen the die 
and the test apparatus. 

[0007] Yet another draW back With conventional testing 
devices is that the capacitive test pads may be ?ush With the 
surface of the test device. When the test device is placed 
adjacent the die for testing, dust particles or other contami 
nants may become trapped betWeen the test device and the 
die, damaging the die. Still another draWback of conven 
tional testing methods is that they may require that a liquid 
or gel dielectric material be placed on the bond pads of the 
die prior to testing. The liquid or gel dielectric material may 
be dif?cult to remove after testing, contaminating the die and 
inhibiting good connections betWeen the bond pads of the 
die and lead Wires Which are connected to the bond pads 
When the die is permanently installed. 

SUMMARY OF THE INVENTION 

[0008] The present invention is a method and apparatus 
for capacitively testing a semiconductor die or Wafer having 
?rst and second die terminals. In one embodiment, the 
apparatus comprises a substrate positionable proximate the 
die and having a coefficient of thermal expansion approxi 
mately equal to a thermal expansion coef?cient of the die. 
The apparatus further comprises ?rst and second test termi 
nals positioned on a surface of the substrate. The ?rst test 
terminal has a conductive portion aligned With and spaced 
apart from a conductive portion of the ?rst die terminal. The 
?rst test terminal may accordingly be capacitively coupled 
to the ?rst test terminal When the substrate is positioned 
proximate to the die. The second test terminal is aligned With 
the second die terminal When the conductive portion of the 
?rst test terminal is aligned With the ?rst die terminal. 

[0009] In one embodiment of the invention, the apparatus 
further comprises a dielectric material positioned interme 
diate the conductive portion of the ?rst test terminal and the 
conductive portion of the ?rst die terminal. The dielectric 
material is attached to the conductive portion of the ?rst test 
terminal in one embodiment and is attached to the ?rst die 
terminal in another embodiment. In yet another embodi 
ment, the die is one of a plurality of dies comprising a silicon 
Wafer and the substrate is siZed and shaped to be positioned 
adjacent the silicon Wafer. 

[0010] The invention is also directed toWard a method for 
manufacturing an apparatus for capacitively testing a semi 
conductor die having ?rst and second die terminals, each 
connector having a conductive surface. The method com 
prises forming a ?rst test terminal on a substrate such that 
the ?rst test terminal has a conductive surface aligned With 
and spaced apart from the conductive surface of the ?rst die 
terminal. The method further comprises forming a second 
test terminal on the substrate having a conductive portion 
aligned With the second die terminal While the ?rst test 
terminal is aligned With the ?rst die terminal. The method 
further comprises positioning a dielectric material interme 
diate at least the conductive portion of the ?rst test terminal 
and the conductive surface of the ?rst die terminal When the 
?rst test terminal is aligned With the ?rst die terminal. 
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[0011] In one embodiment, a method for manufacturing an 
apparatus in accordance With the invention further com 
prises applying a layer of photoresist material to a surface of 
the substrate, exposing a ?rst region of the photoresist 
material to a selected radiation to form an exposed region of 
photoresist material, and shielding a second region of the 
photoresist material from exposure to the selected radiation 
to form a shielded region of photoresist material. The 
method further comprises removing one of the exposed and 
shielded regions, and removing substrate material previ 
ously covered by the other of the exposed and shielded 
regions to form a projection Which is aligned With the ?rst 
die terminal When the substrate is positioned proximate the 
die. 

[0012] In yet another embodiment of a method in accor 
dance With the invention, the ?rst test terminal is formed by 
applying an insulating layer to a surface of the substrate and 
forming a ?rst portion of conductive material on the insu 
lating layer, the ?rst portion of conductive material being 
aligned With the ?rst die terminal When the substrate is 
positioned proximate to the die. The method further com 
prises forming a second portion of conductive material on 
the insulating layer aligned With the second die terminal 
When the ?rst portion of conductive material is aligned With 
the ?rst die terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a cross-sectional side vieW of a test 
apparatus and die in accordance With a ?rst embodiment of 
the invention. 

[0014] FIG. 2 is an exploded isometric vieW of a die and 
a substrate of a test apparatus in accordance With the ?rst 
embodiment of the invention. 

[0015] FIG. 3 is an exploded, enlarged cross-sectional 
vieW of a portion of the substrate and die shoWn in FIG. 2. 

[0016] FIGS. 4A-4G are schematic cross-sectional vieWs 
illustrating a method of forming a test apparatus in accor 
dance With an embodiment of the invention. 

[0017] FIG. 5 is an exploded, cross-sectional vieW of a 
portion of a test apparatus in accordance With a second 
embodiment of the invention and a die having a dielectric 
layer overlaying the bond pads thereof. 

[0018] FIG. 6 is an exploded isometric vieW of a substrate 
of a test apparatus in accordance With a third embodiment of 
the invention and a semiconductor Wafer. 

[0019] FIG. 7 is an exploded, cross-sectional vieW of a 
portion of a test apparatus in accordance With a fourth 
embodiment of the invention and a ?ip chip. 

[0020] FIG. 8 is a top plan vieW of a portion of a test 
apparatus and die in accordance With a ?fth embodiment of 
the invention. 

[0021] FIG. 9 is an exploded, cross-sectional vieW of a 
portion of a test apparatus in accordance With a sixth 
embodiment of the invention and a ?ip chip. 

[0022] FIG. 10A is an exploded, cross-sectional vieW of a 
portion of a test apparatus in accordance With a seventh 
embodiment of the invention having compressible test ter 
minals in a noncompressed state. 
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[0023] FIG. 10B is an exploded cross-sectional vieW of 
the portion of the test apparatus shoWn in FIG. 10A having 
compressible test terminals in a compressed state. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The present invention is directed toWard a method 
and apparatus for capacitively coupling bond pads or ter 
minals of a semiconductor die directly to the corresponding 
test terminals of a test apparatus. An aspect of one embodi 
ment of the invention is that the test terminals of the 
apparatus are aligned With the corresponding die terminals 
of the die. Accordingly, the die need not be modi?ed in any 
Way to align the terminals thereof With the test terminals of 
the test apparatus. Another aspect of an embodiment of the 
invention is that a substrate of the apparatus may comprise 
material having the same coef?cient of thermal expansion as 
that of the die. Accordingly, When the die is tested With the 
test apparatus at elevated temperatures, the die terminals 
remain aligned With the test terminals. FIGS. 1-10B illus 
trate various embodiments of the apparatus and methods in 
accordance With the invention, and like reference numbers 
refer to like parts throughout the various ?gures. 

[0025] FIG. 1 is a cross-sectional vieW of a test apparatus 
10 in accordance With an embodiment of the present inven 
tion engaging a bare semiconductor die 40. The test appa 
ratus 10 comprises a substrate 20 having test terminals 60 
projecting upWardly therefrom. The test terminals 60 are 
coupled to die terminals 70 of the die 40 to transmit test 
signals to the die and receive response signals from the die. 
The response signals are compared With desired response 
signals to determine Whether or not the die conforms With 
operational speci?cations. 

[0026] The test apparatus 10 includes a bridge clamp 50 
Which urges the die 40 toWard the substrate 20. The bridge 
clamp 50 is removably attached to the substrate 20 by 
passing mounting tabs 55 of the bridge clamp through slots 
21 of the substrate and engaging the mounting tabs With a 
loWer surface 26 of the substrate. The bridge clamp 50 
includes internal tabs 53 Which engage a spring 51. The 
spring 51 is boWed doWnWardly toWard the substrate 20 and 
engages a pressure plate 54 Which in turn engages the die 40. 
The pressure plate uniformly distributes the force supplied 
by the spring 51 over the surface of the die 40. When the 
bridge clamp 50 is attached to the substrate 20, the spring 51 
urges the pressure plate 54 and die 40 toWard the substrate 
so that the bond pads 70 of the die ?rmly engage the test 
terminals 60 projecting upWardly from the substrate. The 
bridge clamp 50 further includes ?anges 52, preferably 
formed by bending edges of the bridge clamp doWnWardly. 
The ?anges 52 substantially prevent the bridge clamp 50 
from boWing upWardly under the force of the spring 51. 

[0027] FIG. 2 is an exploded isometric vieW of the die 40 
and the substrate 20 shoWn in FIG. 1. The die terminals 70 
are positioned on a loWer surface 46 of the die and may 
comprise bond pads as shoWn in FIG. 1, or other structures 
as discussed beloW With reference to FIG. 7. The die 
terminals 70 include constant signal die terminals 72 and 
variable signal die terminals 71. Both the constant signal die 
terminals 72 and variable signal die terminals 71 comprise 
conductive materials. The terms constant signal die terminal 
and variable signal die terminal are used herein to distin 



US 2001/0054908 A1 

guish die terminals Which transmit or receive a constant 
signal, such as Vcc terminals and certain enable terminals, 
among others, from die terminals Which may transmit or 
receive a variable signal. 

[0028] The test terminals 60 of the substrate 20 comprise 
constant signal test terminals 62 and variable signal test 
terminals 61. The constant signal test terminals 62 are 
aligned With constant signal die terminals 72 of the die 40 
and the variable signal test terminals 61 are aligned With 
corresponding variable signal die terminals 71. Accordingly, 
the constant signal test terminals 62 of the test apparatus 10 
may be coupled to a source of constant poWer (not shoWn) 
and may engage the constant signal die terminals 72 to form 
a conductive electrical connection therebetWeen and trans 
mit a constant signal to the constant signal die terminals. The 
variable signal test terminals 61 may be coupled to a source 
of variable poWer (not shoWn) and may be capacitively 
coupled to the variable signal die terminals 71 to transmit a 
variable signal to the variable signal die terminals. 

[0029] The test terminals 60 are preferably positioned in a 
recessed Well 27 of the substrate 20 to provide for proper 
alignment betWeen the test terminals on the substrate and the 
die terminals 70 on the die 40. The substrate 20 and/or the 
die 40 may further include visual alignment markings or 
indentations to further ensure proper alignment betWeen the 
test terminals 60 and the die terminals 70. 

[0030] FIG. 3 is an enlarged cross-sectional vieW of the 
substrate 20 and die 40. The substrate 20 includes projec 
tions 30 Which extend upWardly toWard the die 40 and form 
the cores of the test terminals 60. The projections 30 have a 
pyramidal shape in a preferred embodiment and may have 
other shapes in other embodiments. The projections 30 have 
a center-to-center spacing D Which is approximately 0.005 
inch to 0.006 inch, corresponding to the spacing betWeen the 
die terminals 70 of the die 40. In other embodiments, the 
spacing D may be less than or greater than 0.005 inch to 
align the projections 30 With bond pads 70 having a corre 
spondingly smaller or larger spacing, respectively. 

[0031] In a preferred embodiment, the substrate 20 and the 
projections 30 comprise silicon and the substrate and pro 
jections are formed integrally, as Will be discussed in greater 
detail beloW With respect to FIGS. 4A-4G. Silicon is a 
preferred material for the substrate 20 because it has the 
same coefficient of thermal expansion as the silicon com 
prising the die 40. Accordingly, When the die 40 is tested at 
varying temperatures, the die and the substrate 20 expand 
and contract at substantially identical rates so that the die 
terminals 70 of the die remain aligned With the test terminals 
60 of the substrate. 

[0032] In other embodiments, the substrate 20 may com 
prise other materials having coef?cients of thermal expan 
sion similar to or identical With the thermal expansion 
coefficient of silicon. Other materials include ceramics, such 
as Mullite, Which is available from Coors Technical Ceram 
ics Co., Oak Ridge, Tenn. In still another embodiment, the 
substrate 20 may have a thermal expansion coefficient 
different than that of the die 40. An apparatus 10 in accor 
dance With this embodiment may still be effective When used 
to test the die 40 at varying temperatures if the die is 
relatively small, and/or if the die terminals 70 are relatively 
large so that the test terminals 60 maintain alignment With 
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the die terminals despite the fact that the die 40 and substrate 
20 may expand and contract at different rates at the varying 
temperatures. 

[0033] In a preferred embodiment, the substrate 20, 
including the projections 30, is covered With an insulating 
layer 22 comprising an electrically insulative material. Con 
ductive layers 23 are selectively positioned over the insu 
lating layer 22 to cover each projection 30. The conductive 
layers 23 are separated from each other as shoWn in FIG. 3 
so that electrical signals may be separately transmitted to or 
received from each test terminal 60. Bond Wires 25, some of 
Which are omitted from FIG. 3 for purposes of clarity, are 
accordingly connected to each conductive layer 23 to trans 
mit test signals to or from the corresponding test terminals 
60. 

[0034] As shoWn in FIG. 3, the conductive layers 23 
completely cover each projection 30, including an upper 
surface 31 and side surfaces 32 thereof. In an alternate 
embodiment, the conductive layers 23 cover the upper 
surfaces 31 and only one side surface 32 of each projection 
30. Accordingly, electromagnetic coupling or “cross talk” 
betWeen adjacent conductive layers 23 is reduced, reducing 
the likelihood that electrical signals transmitted to one test 
terminal 60 Will affect signals transmitted to a neighboring 
test terminal. 

[0035] The variable signal test terminals 61 each include 
a dielectric layer 24 covering the conductive layers 23 Which 
prevents direct contact between the conductive layer 23 and 
the corresponding variable signal die terminals 71 When the 
die 40 is engaged With the test apparatus 10. The dielectric 
layer 24 may comprise any number of dielectric materials 
Which include but are not limited to nitrides, barium stron 
tium titanate, or oxides, such as tantalum pentoxide. The 
composition and thickness of the dielectric layer 24 is 
selected to provide a desired capacitance betWeen the vari 
able signal test terminals 61 and the variable signal die 
terminals 71. The dielectric layer 24 de?nes a contact 
surface 65 at an upper end of the variable signal test terminal 
61 Which is siZed to engage a contact surface 75 of the 
corresponding variable signal die terminal 71. Where the die 
40 includes a passivation layer 44, Which may extend 
partially over the die terminals 70, the contact surface 65 of 
each variable signal test terminal 61 is preferably siZed to 
engage the contact surface 75 of the corresponding variable 
signal die terminal 71 Without resting on the passivation 
layer, substantially eliminating any gap betWeen the contact 
surfaces 65 and 75. Accordingly, the dielectric constant 
betWeen each variable signal test terminal 61 and corre 
sponding variable signal die terminal 71 is determined by 
the composition and thickness of the dielectric layer 24 and 
not by a gap Which might otherWise be formed betWeen the 
variable signal test terminal and the variable signal die 
terminal. 

[0036] In a preferred embodiment, the contact surface 65 
is elevated above the substrate 20 by a distance that is 
greater than the thickness of the passivation layer 44 to 
ensure that the contact surface 65 of the test terminal 
engages the contact surface 75 of the variable signal die 
terminal 71. In a further preferred embodiment, the contact 
surface 65 is elevated a sufficient distance above the sub 
strate 20 that small particles 90, Which may comprise dust or 
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other contaminates and Which may be present betWeen the 
test terminals 60, do not engage and potentially damage the 
die 40. 

[0037] As shoWn in FIG. 3, each constant signal test 
terminal 62 includes an insulating layer 22 and conductive 
layer 23 but does not include a dielectric layer. Accordingly, 
the conductive layers 23 of the constant signal test terminals 
62 ?rmly engage With the corresponding constant signal die 
terminals 72 to provide electrical connections therebetWeen. 
To further ensure proper engagement betWeen the constant 
signal test terminals 62 and the constant signal die terminals 
72, the constant signal test terminals are provided With 
serrations 63 positioned to engage the constant signal die 
terminals. The serrations 63 releasably penetrate the contact 
surface 75 of the constant signal die terminals 72 and are 
separated by stop surfaces 64 to prevent the serrations from 
penetrating too deeply into the constant signal die terminals. 

[0038] In a preferred embodiment, the stop surfaces 64 are 
positioned such that the serrations 63 penetrate one-half the 
thickness of the constant signal die terminals 72. In a further 
preferred aspect of this embodiment, the stop surfaces 64 are 
aligned With the contact surfaces 65 of the variable signal 
test terminals 61. Accordingly, When the stop surfaces 64 
prevent further penetration by the serrations 63 into the 
constant signal die terminals 72, the contact surfaces 65 of 
the variable signal test terminals 61 engage the contact 
surfaces 75 of the corresponding variable signal die termi 
nals 71. By aligning the contact surfaces 65 With the stop 
surfaces 64, the die 40 Will rest solidly on the test terminals 
60 to more reliably transmit electrical signals betWeen the 
die and the test apparatus 10. 

[0039] In operation, the test apparatus 10 is used to test the 
die 40 by placing the die in the recessed Well 27 of the 
substrate 20 as shoWn in FIG. 2. The user then aligns the 
variable signal test terminals 61 of the test apparatus 10 With 
the corresponding variable signal die terminals 71 of the die 
40, and aligns the constant signal test terminals 62 With the 
corresponding constant signal die terminals 72 as shoWn in 
FIGS. 2 and 3. The die 40 is ?rmly engaged With the test 
apparatus 10 by ?rst placing the pressure plate 54 on the die 
and then clamping the pressure plate and the die against the 
substrate 20 by inserting the mounting tabs 55 of the bridge 
clamp 50 through the slots 21 of the substrate, as shoWn in 
FIG. 1. 

[0040] Constant signals are then applied to the bond lines 
25 connected to the constant signal test terminals 62 and 
variable signals are applied to the bond lines connected to 
the variable signal test terminals 61. When a varying signal 
is applied to the variable signal test terminals 61, the signal 
is capacitively coupled to the corresponding variable signal 
die terminal 71. The varying current may take the form of a 
single pulse, an alternating current signal, or any other 
variable current signal. The response signals received from 
the die 40 may then be used to determine Whether or not the 
die complies With operational speci?cations and accordingly 
quali?es as a good die. It Will be understood that any one 
variable signal test terminal 61 may transmit or receive test 
signals, depending on the characteristics of the particular die 
terminal 71 With Which it is engaged, and upon the particular 
phase of the test process. 

[0041] One advantage of the method and apparatus shoWn 
in FIGS. 1-3 is that the test apparatus 10 may be used to test 
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the die 40 by capacitively coupling test terminals 61 of the 
apparatus to variable signal die terminals 71 of the die 40, 
and by supplying a variable current signal to the capacitive 
bond pads to test the performance of the die. Conductive 
connections betWeen the test apparatus 10 and die 40 are 
used only Where the die requires a constant signal. Accord 
ingly, the number of conductive connections betWeen the 
test apparatus and die, Which may physically damage the die 
terminals, is reduced. 

[0042] A further advantage of the test apparatus and 
method shoWn in FIGS. 1-3 is that the variable signal test 
terminals 61 of the test apparatus 10 are aligned With the 
corresponding variable signal die terminals of 71 of the bare 
die 40 When the die is engaged With the test apparatus. The 
alignment is maintained even Where the center-to-center 
spacing betWeen the die terminals is on the order of 0.005 
inch to 0.006 inch, or less. Accordingly, a user need not 
manipulate the die 40 in any Way to align the variable signal 
die terminals 71 of the die With the variable signal test 
terminals 61 of the test apparatus 10. Unlike conventional 
methods, the user need not add to the die 40 a layer Which 
includes intermediate terminals Which are electrically con 
nected to the die terminals 70, but spaced to correspond to 
the locations of the variable signal test pads of a test device. 
As a result, testing of the bare die 40 is considerably 
simpli?ed. 

[0043] Yet a further advantage is that the substrate 20 
shoWn in FIGS. 1-3 may comprise a material having a 
coef?cient of thermal expansion similar to or identical With 
the thermal expansion coef?cient of the die 40. Accordingly, 
the test apparatus 10 may be used to test the die 40 at varying 
temperatures While maintaining alignment betWeen the die 
terminals 70 of the die 40 and the test terminals 60 of the test 
apparatus. 

[0044] Still a further advantage of an embodiment of a test 
apparatus 10 is that the nature of the capacitive coupling 
betWeen the test apparatus 10 and the die 40 may be 
controlled by controlling the thickness and/or composition 
of the dielectric layer 24. The user accordingly has greater 
control over the capacitance betWeen the test apparatus 10 
and the die 40 by manipulating tWo variables. Furthermore, 
unlike conventional methods, controlling the dielectric con 
stant betWeen the die 40 and the test apparatus 10 requires 
only manipulating the test apparatus and not the die itself. 
Unlike conventional methods, Which may require that a 
dielectric liquid or gel be placed on the variable signal die 
terminals, the test apparatus 10 requires no contamination of 
the variable signal die terminals, Which may be dif?cult to 
remove after testing has been completed. 

[0045] A method for fabricating an apparatus 10 having 
variable signal test terminals 61 in accordance With an 
embodiment of the invention is shoWn in FIGS. 4A-4G. As 
shoWn in FIG. 4A, the method includes providing a sub 
strate 20 having a substantially ?at upper surface 28. In a 
preferred embodiment, the substrate 20 may comprise sili 
con, and may comprise other materials in other embodi 
ments, as discussed beloW. The upper surface 28 of the 
substrate 20 is coated With a layer of positive or negative 
photoresist material 82. As shoWn in FIG. 4B, a mask 80 is 
then placed upon the photoresist material 82. The mask 80 
may preferably be an eXact or nearly eXact mirror image of 
a mask used to form the die terminals 70 on the die 40. 
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Accordingly, the test terminals 60 formed by the mask 80 
Will have locations corresponding exactly or nearly exactly 
With the locations of the die terminals 70 When the die 40 is 
placed face doWn on the substrate 20. 

[0046] Where the photoresist material 82 is a positive 
photoresist material, the mask 80 has apertures 81 Which 
correspond to the locations of the die terminals 70 of the die 
40. Where the photoresist material 82 is a negative photo 
resist material, the apertures 81 correspond to the regions 
betWeen the die terminals 70. For purposes of illustration, 
the photoresist material 82 is shoWn as being positive in 
FIGS. 4A-4G. 

[0047] The substrate 20 With photoresist material 82 and 
mask 80 in place, is exposed to a selected radiation 83 Which 
hardens the photoresist material 82a located beneath the 
apertures 81 While leaving the photoresist material 82b 
beneath the mask 80 in a nonhardened state. It Will be 
understood that Where a negative photoresist material is 
used, the photo resist material 82b is hardened While the 
photoresist material 82a remains in a non-hardened state. 
After exposure to the selected radiation 83, the mask 80 is 
removed and the photoresist material 82 rinsed in a chemical 
bath, Which Washes aWay the unhardened photoresist mate 
rial 82b While leaving the hardened photoresist material 82a 
in place, as shoWn in FIG. 4C. 

[0048] The substrate 20, With the hardened photoresist 
material 82a in place, is then exposed to an etching solution 
Which anisotropically etches aWay portions of the substrate 
not covered by the photoresist material 82a and creates the 
projections 30 as shoWn in FIG. 4D. The hardened photo 
resist material 82a is then removed. Alternatively, the sub 
strate 20 may be exposed to an oxidiZing agent Which 
oxidiZes the surface of the substrate not covered by the 
photoresist material 82a. The oxidiZed portion may then be 
stripped leaving the projections 30 in place. 

[0049] In an alternate method of manufacture, the projec 
tions 30 may be formed by depositing material on the upper 
surface 28 of the substrate 20. In one such embodiment, the 
photoresist layer 82 is eliminated and the mask 80 is placed 
directly on the substrate 20. Material comprising the pro 
jections 30 is then deposited using an overhead ion deposi 
tion apparatus or similar device to build the projections up 
from the upper surface 28 of the substrate 20. Such an 
alternate method may be used Where the substrate 20 com 
prises a ceramic or other material Which may not be as 
conducive as silicon to etching. The resulting projections 30 
may be planariZed using chemical-mechanical planariZation 
to ?atten the upper surfaces 31 of the projections 30. The 
?attened upper surfaces 31 accordingly provide the founda 
tion for test terminals 61 having ?at contact surfaces 65 
Which mate Well With the corresponding ?at contact surfaces 
75 of the variable signal die terminals 71 (FIGS. 3). 

[0050] Ridges 33 may be formed on the projects 30 Which 
Will form constant signal test terminals 62. The ridges may 
be formed using photoresist and etching techniques similar 
to those discussed above and described in greater detail in 
US. Pat. No. 5,483,741 to Akram et al. and US. Pat. No. 
5,326,428 to FarnWorth et al., both of Which are incorpo 
rated herein by reference. 

[0051] The insulating layer 22 is formed on the projections 
30, as shoWn in FIG. 4E. In one method of manufacture, in 
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Which the substrate 20 comprises silicon, the substrate is 
exposed to an oxidiZing atmosphere to form a layer of 
silicon dioxide (SiO)2, an electrically insulative compound. 
In alternate embodiments, SiO2 or Si3N4 may be deposited 
on the surface of the substrate 20 by chemical vapor depo 
sition. In yet another alternate embodiment, tetraethy 
lorthosilane (TEOS) is injected at high temperature into a 
chamber surrounding the substrate 20 to groW an insulating 
layer 22 of SiO2 on the substrate 20. In still another alternate 
embodiment, the insulating layer 22 is deposited on the 
substrate 20 by chemical vapor deposition or similar depo 
sition techniques. Such an alternate embodiment may be 
used Where the substrate 20 comprises a ceramic material 
Which does not oxidiZe as readily as does silicon. 

[0052] The conductive layers 23 comprising a conductive 
material are formed atop the insulating layer 22, as shoWn in 
FIG. 4F. In one embodiment, an initially continuous con 
ductive layer 23 may be deposited on the insulating layer 22 
using chemical vapor deposition. Aphotoresist and masking 
process, similar to that discussed above With reference to 
FIGS. 4A-4D, may then be used to etch aWay portions of the 
conductive layer 23 located betWeen the projections 30 to 
form individual conductive paths to each projection. As 
discussed previously With reference to FIG. 3, the conduc 
tive layers 23 may be etched to cover the entirety of each 
projection 30, or may be etched to cover the upper surface 
31 of each projection and enough of a side surface 32 to form 
a conductive path to the projection. 

[0053] The conductive layer 23 and insulating layer 22 
conform to the ridges 33 of the constant signal test terminal 
62, forming the serrations 63. The serrations 63 may be 
further roughened by using an electroplating process and 
controlling the composition of the electrolyte solution used 
in the process to form a textured or roughened surface Which 
ampli?es the serrated surface created by the etching process. 
The formation of roughened electroplated surfaces is further 
discussed in US. Pat. No. 5,487,999 to FarnWorth, incor 
porated herein by reference. 

[0054] The dielectric layers 24 are formed on the conduc 
tive layers 23 of the variable signal test terminals 61, as 
shoWn in FIG. 4G. In one embodiment, an initially con 
tinuous dielectric layer 24 is deposited on the conductive 
layer 23 by chemical vapor deposition. In another embodi 
ment, the initially continuous dielectric layer 24 may be 
deposited using an electrophoretic process to form an even 
layer of dielectric over the projections 30. An electrophoretic 
process is described in Us. Pat. No. 5,607,818 to Akram et 
al., Which is incorporated herein by reference. The electro 
phoretic process includes charging the conductive layer 23, 
either positively or negatively, and imparting the opposite 
charge to the dielectric material. The dielectric material is 
accordingly attracted to the conductive layer 23 and gradu 
ally builds up the dielectric layer 24 thereon. An advantage 
of the electrophoretic process is that it results in an even 
coating of dielectric material over the conductive layer 23 
notWithstanding the non-uniform topography created by the 
projections 30. Another advantage is that the electrophoretic 
process is self-limiting because as the conductive layer 23 
becomes coated With dielectric material, it tends to have less 
affinity for additional dielectric material. Accordingly, the 
amount of dielectric material electrophoretically deposited 
on the conductive layer 23 may be controlled by controlling 
the charge applied to the conductive layer. Furthermore, the 
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dielectric layer tends to be thicker at higher temperatures 
than at loWer temperatures. Accordingly, the temperature at 
Which the electrophoretic process is carried out may be used 
to further control the dielectric characteristics of the dielec 
tric layer 24. 

[0055] Once a continuous dielectric layer 24 has been 
formed, portions of the dielectric layer may then be etched 
aWay using a photoresist and masking process similar to the 
process discussed above With reference to FIG. 4A-4D. 
Dielectric material located betWeen the projections 30 may 
be removed as shoWn in FIG. 4G to isolate the variable 
signal test terminals 61 from each other. In addition, any 
dielectric material covering the constant signal test terminals 
62 may be removed to ensure proper electrical contact 
betWeen the constant signal test terminals and the corre 
sponding constant signal die terminals 72. 

[0056] An advantage of the process discussed above With 
reference to FIGS. 4A-4G is that the process uses a mask 
layer 80 Which is a mirror image of the mask layer used to 
create the die terminals 70 on the bare die 40. Accordingly, 
the projections 30 Which form the test terminals 60 of the 
test apparatus 10 may be precisely aligned With the corre 
sponding die terminals 70 of the bare die 40. As a result, the 
need to form an interlayer betWeen the die 40 and the test 
apparatus 10 is eliminated, as discussed above With refer 
ence to FIGS. 1-3. Afurther advantage of the process shoWn 
in FIGS. 4A-4G is that the dielectric layer 24 is formed on 
the test apparatus 10, eliminating the need to removably 
apply liquid or gel dielectric substances to the die 40, as Was 
also discussed above With reference to FIGS. 1-3. 

[0057] FIG. 5 is an exploded, cross-sectional vieW of a 
test apparatus 10 in accordance With a second embodiment 
of the invention, and a die 40 having dielectric layers 24a 
attached to the variable signal die terminals 71 thereof. In 
one embodiment, the dielectric layers 24a may comprise 
oXide coatings Which form naturally on the metallic die 
terminals 70. In other embodiments, the dielectric layers 24a 
may comprise other organic dielectric materials Which may 
be deliberately formed on the variable signal die terminals 
71. 

[0058] In the embodiment shoWn in FIG. 5, the dielectric 
layers 24 are eliminated from the variable signal test termi 
nals 61 of the test apparatus 10 because their function is 
performed by the dielectric layers 24a on the variable signal 
die terminals 71. Accordingly, the contact surfaces 65a of 
the variable signal test terminals 61 comprise a portion of the 
conductive layer 23 as shoWn in FIG. 5, rather than a portion 
of the dielectric layer 24 as shoWn in FIG. 3. 

[0059] In one embodiment, the serrations 63 of the con 
stant signal test terminals are capable of penetrating the 
dielectric layer 24a formed on the constant signal die 
terminal 72. The serrations accordingly form a conductive 
connection With the constant signal die terminal 72 notWith 
standing the presence of the dielectric material. In another 
embodiment, the dielectric layers 24a may be prevented 
from forming on the constant signal die terminals 72 so that 
the constant signal test terminals 62 form solid conductive 
contacts With the constant signal die terminals. In still 
another embodiment, the dielectric layers 24a may be 
removed from the constant signal die terminals 72 by using 
masking and etching process, as discussed previously With 
reference to FIGS. 4A-4D. 
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[0060] An advantage of an embodiment of the test appa 
ratus shoWn in FIG. 5 is that the test apparatus requires no 
dielectric layer 24. Accordingly, at least one process step 
required to form the test apparatus 10 may be eliminated. 
Conversely, an advantage of an embodiment of the test 
apparatus shoWn in FIGS. 1-3 is that the die 40 need not be 
manipulated to either form or remove the dielectric layer. 

[0061] As discussed above, the dielectric oXide layers may 
form naturally on the dies 40. The oXide layers may form 
after the dies have been electrically partitioned from each 
other on a silicon Wafer but remain in a Wafer form. To take 
advantage of the naturally occurring dielectric layers, a test 
apparatus 10 in accordance With a third embodiment of the 
invention is siZed to accommodate and test an entire Wafer 
100 comprising a plurality of partitioned dies 40, as shoWn 
in FIG. 6. The test apparatus 10 comprises a substrate 20 
having slots 21 to accommodate a bridge clamp (not shoWn). 
The bridge clamp is used to releasably couple the Wafer 100 
to the substrate 20, as discussed previously With reference to 
FIG. 1. The substrate 20 comprises test terminals 60, Which 
are aligned With corresponding die terminals 70 at the Wafer 
100. Accordingly, variable signal test terminals 61 are 
aligned With variable signal die terminals 71 and constant 
signal test terminals 62 are aligned With constant signal die 
terminals 72, as discussed previously With reference to 
FIGS. 1-3. 

[0062] An advantage of the test apparatus 10 shoWn in 
FIG. 6 is that it permits a user to engage the test apparatus 
With an entire Wafer 100 of dies 40 in one operation. 
Accordingly, the user need not individually engage each die 
40 With the test apparatus 10 before testing and then remove 
each die after testing. A further advantage is that the test 
apparatus 10 shoWn in FIG. 6 may use the oXide layer 
naturally forming on the dies 40 of the Wafer 100 to act as 
dielectric layers betWeen the die terminals 70 of the dies and 
the test terminals 60 of the test apparatus, reducing the 
number of processing steps required to produce the test 
apparatus 10, as discussed above With reference to FIG. 5. 

[0063] FIG. 7 is an exploded, cross-sectional vieW of a 
test apparatus 10 in accordance With a fourth embodiment of 
the invention positioned adjacent a ?ip chip 40a in FIG. 7. 
As shoWn in FIG. 7, the die terminals 70a of the ?ip chip 
40a include variable signal die terminals 71a and constant 
signal die terminals 72a. The die terminals 72a may com 
prise solder balls formed from lead or a similar soft, con 
ductive material. Each die terminal 70a has an end surface 
76 spaced apart from the loWer surface 46 of the ?ip chip 
40a and side surfaces 77 intermediate the end surface and 
the loWer surface of the ?ip chip. The die terminals 70a may 
have an oXide coating 78 Which covers the bond pads and 
deforms When the ?ip chip 40a is engaged With the substrate 
20. The oXide coating 78 generally deforms su?iciently to 
create a conductive electrical connection betWeen the die 
terminals 70a and the test terminals 60 against Which they 
press. Accordingly, the oXide coating 78 is not relied upon 
to form a dielectric layer betWeen the variable signal die 
terminals 71a and the variable signal test terminals 61 as Was 
discussed above With reference to FIG. 5. Instead, the 
dielectric layer 24, positioned on the variable signal test 
terminals 61, provides the capacitive coupling betWeen the 
test apparatus 10 and the ?ip chip 40a , substantially as 
discussed above With reference to FIGS. 1-3. Furthermore, 
because the oXide layer 78 deforms When the ?ip chip 40a 
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is pressed into engagement With the substrate 20, the contact 
betWeen the constant signal test terminal 62 and the constant 
signal die terminal 72a is suf?cient to create a constant 
signal connection therebetWeen, as discussed above. The 
need for serrations on the conductive test terminal 62 is 
accordingly eliminated. 

[0064] FIG. 8 is a top plan vieW of a portion of a test 
apparatus 10 in accordance With a ?fth embodiment of the 
invention shoWn engaging a portion of a ?ip chip 40a. The 
test apparatus 10 shoWn in FIG. 8 is similar to the apparatus 
shoWn in FIG. 7 except that the contact surfaces 65b of the 
test terminals 60 are positioned parallel to the side surfaces 
32 rather than the upper surfaces 31 of the projections 30 
(FIG. 7). Accordingly, the side surfaces 77 of the die 
terminals 70 slide along the contact surfaces 65b of the test 
terminals 60 as the ?ip chip 40a is pressed into engagement 
With the substrate 20. 

[0065] As shoWn in FIG. 8, pairs of test terminals 60 
having diagonally opposed contact surfaces 65b may be 
oriented in an alternating pattern to substantially prevent 
lateral motion of the ?ip chip 40a relative to the substrate 20 
once the die terminals 70a have been engaged With the test 
terminals 60. The test terminals 60 accordingly aid the user 
in orienting the ?ip chip 40a relative to the substrate 20 and 
maintain the orientation until the die is deliberately disen 
gaged from the test apparatus 10. 

[0066] FIG. 9 is an exploded, cross-sectional vieW of a 
portion of a test apparatus 10 in accordance With a sixth 
embodiment of the invention. The test apparatus 10 com 
prises a substrate 20 Without large projections 30. Instead, 
the insulating layer 22, conductive layers 23, and dielectric 
layers 24 are consecutively formed directly on the upper 
surface 28 of the substrate to form variable signal test 
terminals 61a and constant signal test terminals 62a . In the 
embodiment shoWn in FIG. 9, the projections 30 are not 
necessary to provide an offset betWeen the substrate 20 and 
the ?ip chip 40a. Instead, the solder balls of the ?ip chip 40a 
provide a suf?cient offset betWeen the substrate 20 and the 
?ip chip 40a to prevent dust particles or other contaminants 
90 from becoming clamped therebetWeen. An advantage of 
an embodiment of the test apparatus 10 shoWn in FIG. 9 is 
that the process steps required to form raised projections 
may be eliminated, simplifying the manufacture of the test 
apparatus 10. 

[0067] FIG.10A is an exploded, cross-sectional vieW of a 
portion of a test apparatus 10 in accordance With a seventh 
embodiment of the invention having compressible test ter 
minals 60b. The substrate 20 includes an insulating layer 22 
and conductive layers 23 formed directly thereon. The 
projections 30a are formed atop the conductive layers 23 in 
a subsequent step. The projections 30a comprise a conduc 
tive material Which may be sputtered or spun on the con 
ductive layers 23 or may be deposited on the conductive 
layers using chemical vapor deposition. The resulting con 
tinuous layer may then be etched using the photoresist and 
masking techniques discussed previously With reference to 
FIGS. 4A-4G to form individual projections 30a. 

[0068] In one embodiment, the projection 30a may be 
formed from an incompressible conduction material. In 
another embodiment, the projections 30a may be formed 
from a compressible, conductive material such as a Z-axis 
elastomer. Such elastomers are available from Zymet of East 
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Hannover, NeW Jersey. The elastomer contains conductive 
particles 34 Which are dispersed therethrough and are shoWn 
schematically in FIG. 10A. When the elastomer is com 
pressed in a direction normal to the upper surface 28 of the 
substrate 20, the particles 34 come into contact With each 
other and create a conductive path through the elastomer. 

[0069] Dielectric layers 24 are then applied atop the 
conductive layers 23 of the variable signal test terminals 
61b. The dielectric layers 24 preferably comprise a ?exible 
material, such as a polyamide, Which Will ?ex as the 
projections 30a compress. The polyamide may be applied 
using a spray process or an electrophoretic process, such as 
Was discussed previously With reference to FIG. 4G. As 
discussed previously With reference to FIG. 3, no dielectric 
layer is applied to the constant signal test terminals 62b , so 
as to provide conductive connections betWeen the constant 
signal test terminals and the constant signal die terminals 72. 

[0070] In operation, the die 40 is compressed against the 
substrate 20 so as to compress the projections 30a , creating 
conductive paths from the conductive layers 23 through the 
projections, as shoWn in FIGS. 10b. The variable signal test 
terminals 61 form capacitive connections With the variable 
signal die terminals 71 and the constant signal test terminals 
form conductive connections With the constant signal die 
terminals 72, as discussed previously With respect to FIGS. 
1-3. 

[0071] An advantage of the test apparatus 10 shoWn in 
FIGS. 10A and 10B is that the compressible test terminals 
60b ?ex in a vertical direction When the die 40 is engaged 
With the substrate 20. The test terminals 60b accordingly 
maintain an electrical coupling With the die terminals 70 of 
the die 40 even if the loWer surface 26 of the die is not 
parallel With the upper surface 28 of the substrate. Afurther 
advantage is that the compressible constant signal test 
terminals 62b are biased toWard the corresponding constant 
signal die terminals 72, increasing the likelihood of a good 
conductive connection therebetWeen and eliminating the 
need for serrations on the constant signal test terminals. 

[0072] From the foregoing it Will be appreciated that, 
although speci?c embodiments of the invention have been 
described herein for purposes of illustration, various modi 
?cations may be made Without deviating from the spirit and 
scope of the invention. Accordingly, the invention is not 
limited except as by the appended claims. 

1. An apparatus for testing a semiconductor die having 
?rst and second die terminals, the apparatus comprising: 

a substrate having a coef?cient of thermal expansion 
approximately equal to a thermal expansion coef?cient 
of the die, the substrate positionable proximate to the 
die; and 

?rst and second test terminals positioned on a surface of 
the substrate, the ?rst test terminal having a conductive 
portion aligned With and spaced apart from a conduc 
tive portion of the ?rst die terminals to capacitively 
couple the ?rst test terminal With the ?rst die terminal 
When the substrate is positioned proximate the die, the 
second test terminal being aligned With the second die 
terminal When the conductive portion of the ?rst test 
terminal is aligned With the ?rst die terminal. 

2. The apparatus of claim 1 Wherein the ?rst test terminal 
is coupleable to a variable poWer source to generate a 
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variable signal at the ?rst test terminal and capacitively 
generate a corresponding signal at the ?rst die terminal. 

3. The apparatus of claim 1 Wherein the die is coupleable 
to a source of poWer to produce a variable signal at the ?rst 
die terrninal thereof, the ?rst test terrninal being positioned 
to capacitively receive the variable signal. 

4. The apparatus of claim I Wherein at least part of the 
conductive portion of the ?rst test terminal is spaced apart 
from the surface of the substrate. 

5. The apparatus of claim 1, further comprising a dielec 
tric rnaterial positioned intermediate the conductive portion 
of the ?rst test terminal and the conductive portion of the 
?rst die terminal. 

6. The apparatus of claim 1, further comprising a dielec 
tric rnaterial attached to the conductive portion of the ?rst 
test terrninal intermediate the conductive portion of the ?rst 
test terminal and the conductive portion of the ?rst die 
terminal. 

7. The apparatus of claim 1 Wherein the die has a 
passivation layer adjacent the ?rst die terminal and the ?rst 
test terrninal projects beyond the surface of the substrate by 
a distance greater than a thickness of the passivation layer. 

8. The apparatus of claim 1 Wherein at least the ?rst test 
terminal is least partially cornpressible in a direction sub 
stantially normal to the surface of the substrate, the ?rst test 
terrninal being positioned to compress in the normal direc 
tion When engaged With the ?rst die terminal. 

9. The apparatus of claim 1 Wherein the ?rst die terminal 
is positioned on a surface of the die and comprises an end 
surface spaced apart from the die surface and a side surface 
intermediate the end surface and the surface of the die, the 
?rst test terrninal engaging the side surface of the ?rst die 
terminal to align the ?rst test terminal with the ?rst die 
terminal, the ?rst test terrninal having a dielectric material 
positioned betWeen the conductive portion thereof and the 
side surface of the ?rst die terrninal When the ?rst test 
terrninal engages the side surface. 

10. The apparatus of claim 1 Wherein a center of the ?rst 
test terminal is spaced apart from a center of the second test 
terminal by a distance in the range of approximately 0.005 
inch to approximately 0.006 inch. 

11. The apparatus of claim 1 Wherein the second test 
terrninal has a conductive portion aligned With and spaced 
apart from a conductive portion of the second die terrninal 
When the conductive portion of the ?rst test terminal is 
aligned With the ?rst die terminal to capacitively couple the 
second test terminal with the second die terminal. 

12. The apparatus of claim 1 Wherein the conductive 
portion of the second test terrninal engages a conductive 
portion of the second die terrninal When the conductive 
portion of the ?rst test terminal is aligned With the ?rst die 
terminal, the second test terrninal being coupleable to a 
constant poWer source to generate a constant signal at the 
second test terminal and a constant signal at the second die 
terminal. 

13. The apparatus of claim 1, further comprising a biasing 
device releasably coupled to the substrate and positioned to 
bias the die toWard the substrate When the ?rst test terminal 
is aligned With the ?rst die terminal and the second test 
terminal is aligned With the second die terminal. 

14. The apparatus of claim 1 Wherein the die is one of a 
plurality of dies comprising a silicon Wafer and the substrate 
is siZed and shaped to be positioned adjacent the silicon 
Wafer. 
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15. The apparatus of claim 1 Wherein the substrate corn 
prises silicon. 

16. The apparatus of claim 1 Wherein the substrate corn 
prises a ceramic material. 

17. An apparatus for testing a semiconductor die having 
?rst and second die terrninals, the apparatus comprising: 

a silicon substrate; 

a ?rst conductive projection connected to and extending 
away from a surface of the substrate, the ?rst projection 
being aligned With the ?rst die terrninal When the 
substrate is positioned proximate the die; 

a portion of dielectric material attached to the ?rst pro 
jection and positioned intermediate the ?rst projection 
and the ?rst die terrninal When the ?rst projection is 
aligned With the ?rst die terminal; 

a second conductive projection connected to an extending 
away from the surface of the substrate, the second 
projection being aligned With the second die terrninal 
When the ?rst projection is aligned With the ?rst die 
terminal. 

18. The apparatus of claim 17 Wherein the die is one of a 
plurality of dies comprising a silicon Wafer and the substrate 
is siZed and shaped to be positioned adjacent the silicon 
Wafer. 

19. The apparatus of claim 17 Wherein the ?rst and second 
projections cornprise silicon. 

20. The apparatus of claim 17 Wherein the ?rst and second 
projections are electrically insulated from each other. 

21. The apparatus of claim 17 Wherein the die has a 
passivation layer adjacent the ?rst die terminal and at least 
part of the portion of dielectric material projects beyond the 
surface of the substrate by a distance greater than a thickness 
of the passivation layer. 

22. The apparatus of claim 17, further comprising a 
biasing device releasably coupled to the substrate and posi 
tioned to bias the die toWard the substrate When the ?rst 
projection is aligned With the ?rst die terminal and the 
second projection is aligned With the second die terminal. 

23. The apparatus of claim 17 Wherein a center of the ?rst 
projection is spaced apart from a center of the second 
projection by a distance in the range of approximately 0.005 
inch to approximately 0.006 inch. 

24. The apparatus of claim 17 Wherein the ?rst projection 
is coupleable to a variable poWer source to generate a 
variable signal at the ?rst projection and capacitively gen 
erate a corresponding signal at the ?rst die terminal. 

25. The apparatus of claim 17 Wherein the die is cou 
pleable to a source of electrical poWer to produce a variable 
signal at the ?rst die terrninal thereof, the ?rst projection 
being positioned to capacitively receive the variable signal. 

26. An apparatus for testing a semiconductor die having 
?rst and second die terrninals, the apparatus comprising: 

a silicon substrate having ?rst and second silicon projec 
tions extending away from a surface thereof, the ?rst 
projection being aligned With the ?rst die terminal and 
the second projection being aligned With the second die 
terrninal When the substrate is positioned adjacent the 
die; 

a ?rst portion of insulating material at least partially 
covering the ?rst projection; 
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a second portion of insulating material at least partially 
covering the second projection; 

a ?rst portion of conductive material at least partially 
covering the ?rst portion of insulating material; 

a second portion of conductive material at least partially 
covering the second portion of insulating material; 

a portion of dielectric material attached to the ?rst portion 
of conductive material and positioned intermediate the 
?rst portion of conductive material and the ?rst die 
terrninal When the ?rst projection is aligned With the 
?rst die terminal. 

27. The apparatus of claim 26 Wherein the ?rst projection 
is coupleable to a variable poWer source to generate a 
variable signal at the ?rst projection and capacitively gen 
erate a corresponding signal at the ?rst die terminal. 

28. The apparatus of claim 26 Wherein the die is cou 
pleable to a source of electrical poWer to produce a variable 
signal at the ?rst die terrninal thereof, the ?rst projection 
being positioned to capacitively receive the variable signal. 

29. The apparatus of claim 26 Wherein the die is one of a 
plurality of dies comprising a silicon Wafer and the substrate 
is siZed and shaped to be positioned adjacent the silicon 
Wafer. 

30. The apparatus of claim 26 Wherein the ?rst portion of 
conductive material has a surface proximate the ?rst die 
terrninal When the ?rst projection is aligned With the ?rst die 
terminal, the surface of the ?rst portion of conductive 
material being smaller than a surface of the ?rst die terminal 
with Which the surface of the ?rst portion of conductive 
material is aligned. 

31. The apparatus of claim 26 Wherein the die has a 
passivation layer adjacent the ?rst die terminal and at least 
part of the portion of dielectric material projects beyond the 
surface of the substrate by a distance greater than a thickness 
of the passivation layer. 

32. The apparatus of claim 26, further comprising a 
biasing device releasably coupled to the substrate and posi 
tioned to bias the die toWard the substrate When the ?rst 
projection is aligned With the ?rst die terminal and the 
second projection is aligned With the second die terminal. 

33. The apparatus of claim 26 Wherein a center of the ?rst 
projection is spaced apart from a center of the second 
projection by a distance in the range of approximately 0.005 
inch to approximately 0.006 inch. 

34. The apparatus of claim 26 Wherein the ?rst die 
terrninal has an end surface spaced apart from a surface of 
the die and an intermediate portion intermediate the end 
surface and the surface of the die, the dielectric material 
engaging the intermediate portion of the ?rst die terminal to 
align the ?rst projection With the ?rst die terminal. 

35. The apparatus of claim 26 Wherein the ?rst projection 
has an end surface spaced apart from the surface of the 
substrate and an intermediate portion intermediate the end 
surface and the surface of the substrate and a ?rst part of the 
dielectric material covers the intermediate portion, the ?rst 
part of the dielectric material engaging the ?rst die terminal 
to align the ?rst projection With the ?rst die terminal. 

36. A test apparatus for capacitively testing a sernicon 
ductor die having a ?rst and second die terrninals, produced 
by a process comprising: 

forming a ?rst test terminal on a substrate, the ?rst test 
terrninal having a conductive portion aligned With and 
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spaced apart from the conductive surface of the ?rst die 
terrninal When the substrate is positioned proximate the 
die; 

forming a second test terminal on the substrate, the second 
test terrninal having a conductive portion aligned With 
the second die terrninal While the ?rst test terminal is 
aligned With the ?rst die terminal and the substrate is 
positioned proximate to the die; and 

positioning a dielectric material interrnediate at least the 
conductive portion of the ?rst test terminal and the 
conductive surface of the ?rst die terminal. 

37. The test apparatus produced by the process of claim 36 
Wherein the process further comprises attaching the dielec 
tric material to the conductive portion of the ?rst test 
terminal. 

38. The test apparatus produced by the process of claim 36 
Wherein the act of forming the ?rst test terrninal cornprises: 

selecting a ?rst region of a surface of the substrate; and 

removing a second region of the surface of the substrate 
adjacent the ?rst region to form a projection on the 
substrate aligned With the ?rst die terrninal When the 
substrate is positioned proximate the die. 

39. The test apparatus produced by the process of claim 38 
Wherein the process further comprises: 

at least partially coating the projection With an insulating 
material; 

at least partially coating the insulating material With a 
conductive material to form the conductive portion; and 

at least partially coating the conductive material With a 
dielectric material. 

40. A test apparatus for capacitively testing a sernicon 
ductor die having ?rst and second die terrninals, produced by 
a process comprising: 

forming ?rst and second projections on a silicon substrate; 

applying a ?rst portion of insulating material to the ?rst 
projection and a second portion of insulating material 
to the second projection; 

applying a ?rst portion of conductive material to the ?rst 
portion of insulating material and a second portion of 
conductive material to the second portion of insulating 
material; and 

providing a dielectric material interrnediate at least the 
?rst portion of conductive material and the ?rst die 
terminal. 

41. The test apparatus produced by the process of claim 40 
Wherein the act of providing a dielectric material comprises: 

applying a ?rst charge to the ?rst portion of conductive 
material; 

applying a second charge opposite the ?rst charge to the 
dielectric material; and 

depositing the dielectric material on the ?rst portion of 
conductive material. 

42. The test apparatus produced by the process of claim 40 
Wherein the act of applying the ?rst and second conductive 
portions includes depositing conductive material in a vapor 
form on the ?rst and second portions of insulating material. 



US 2001/0054908 A1 

43. The test apparatus produced by the process of claim 40 
wherein the act of applying the ?rst and second portions of 
insulating material includes oxidizing at least a portion of 
the silicon substrate. 

44. The test apparatus produced by the process of claim 40 
Wherein the act of forming the ?rst projection comprises: 

applying a layer of photoresist material to a surface of the 
substrate; 

exposing a ?rst region of the layer of photoresist material 
to a selected radiation to form an exposed region of 
photoresist material; 

shielding a second region of the layer of photoresist 
material adjacent the ?rst region from exposure to the 
selected radiation to form a shielded region of photo 
resist material; 

removing one of the exposed and shielded regions; and 

removing substrate material previously covered by the 
other of the exposed and shielded regions to form a 
projection aligned With the ?rst die terminal When the 
substrate is positioned proximate the die. 

45. A test apparatus for capacitively testing a semicon 
ductor Wafer comprising at least ?rst and second semicon 
ductor dies each having ?rst and second die terminals, the 
test apparatus produced by a process comprising: 

forming ?rst and second test terminals on a substrate, the 
?rst test terminal having a conductive portion aligned 
With and spaced apart from a conductive surface of the 
?rst die terminal of the ?rst die and the second test 
terminal having a conductive portion aligned With a 
conductive portion of the second die terminal of the 
?rst die While the ?rst test terminal is aligned With the 
?rst die terminal of the ?rst die and the substrate is 
positioned proximate to the Wafer; 

forming third and fourth test terminals on the substrate, 
the third test terminal having a conductive portion 
aligned With and spaced apart from a conductive sur 
face of the ?rst die terminal of the second die and the 
fourth test terminal having a conductive portion aligned 
With a conductive portion of the second die terminal of 
the second die While the third test terminal is aligned 
With the ?rst die terminal of the second die and the 
substrate is positioned proximate the Wafer; and 

positioning a dielectric material intermediate at least the 
conductive portion of the ?rst test terminal and the 
conductive surface of the ?rst die terminal of the ?rst 
die. 

46. The test apparatus produced by the process of claim 45 
Wherein the process further comprises attaching the dielec 
tric material to the conductive portion of the ?rst test 
terminal. 

47. The test apparatus produced by the process of claim 45 
Wherein the act of forming the ?rst test terminal comprises: 

selecting a ?rst region of a surface of the substrate; and 

removing a second region of the surface of the substrate 
adjacent the ?rst region to form a projection on the 
substrate aligned With the ?rst die terminal of the ?rst 
die When the substrate is positioned proximate the 
Wafer. 
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48. The test apparatus produced by the process of claim 47 
Wherein the process further comprises: 

at least partially coating the projection With an insulating 
material; 

at least partially coating the insulating material With a 
conductive material to form the conductive portion; and 

at least partially coating the conductive material With a 
dielectric material. 

49. A test apparatus for capacitively testing a semicon 
ductor Wafer comprising a plurality of semiconductor dies 
each having ?rst and second die terminals, the test apparatus 
produced by a process comprising: 

forming ?rst and second projections on a silicon substrate, 
the ?rst and second projections being aligned With the 
?rst and second die terminals of one of the plurality of 
dies When the substrate is proximate the Wafer; 

applying a ?rst portion of insulating material to the ?rst 
projection and a second portion of insulating material 
to the second projection; 

applying a ?rst portion of conductive material to the ?rst 
portion of insulating material and a second portion of 
conductive material to the second portion of insulating 
material; and 

providing a dielectric material intermediate at least the 
?rst portion of conductive material and the ?rst die 
terminal of the one of the plurality of dies. 

50. The test apparatus produced by the process of claim 49 
Wherein the act of providing dielectric material comprises: 

applying a ?rst charge to the ?rst portion of conductive 
material; 

applying a second charge opposite the ?rst charge to the 
dielectric material; and 

depositing the dielectric material on the ?rst portion of 
conductive material. 

51. The test apparatus produced by the process of claim 49 
Wherein the act of applying the ?rst and second conductive 
portions includes depositing conductive material in a vapor 
form on the ?rst and second portions of insulting material. 

52. The test apparatus produced by the process of claim 49 
Wherein the act of forming the ?rst projection comprises: 

applying a layer of photoresist material to a surface of the 
substrate; 

exposing a ?rst region of the layer of photoresist material 
to a selected radiation to form an exposed region of 
photoresist material; 

shielding a second region of the layer of photoresist 
material adjacent the ?rst region from exposure to the 
selected radiation to form a shielded region of photo 
resist material; 

removing one of the exposed and shielded regions; and 

removing substrate material previously covered by the 
other of the exposed and shielded regions to form a 
projection aligned With the ?rst terminal When the 
substrate is positioned proximate the die. 
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53. A method for testing a semiconductor die With a test 
apparatus having ?rst and second test terminals, the die 
having ?rst and second die terminals, the method compris 
ing: 

aligning the ?rst test terminal With the ?rst die terminal 
and the second test terminal With the second die ter 

minal; 
capacitively coupling a variable signal from the ?rst test 

terminal to the ?rst die terminal; and 

varying a temperature of the die and test apparatus to vary 
a siZe of the die and a siZe of the test apparatus at 
approximately equal rates and maintain alignment 
betWeen the ?rst test terminal and the ?rst die terminal 
and betWeen the second test terminal and the second die 
terminal. 

54. The method of claim 53, further comprising placing a 
dielectric material intermediate the ?rst die terminal and the 
?rst test terminal. 

55. The method of claim 54 Wherein the act of placing a 
dielectric material includes attaching the dielectric material 
to the ?rst test terminal. 

56. The method of claim 54 Wherein the act of placing a 
dielectric material includes attaching the dielectric material 
to the ?rst die terminal. 

57. A method for manufacturing an apparatus for capaci 
tively testing a semiconductor die having ?rst and second 
die terminals, the ?rst and second die terminals each having 
a conductive surface, the method comprising: 

forming a ?rst test terminal on a substrate, the ?rst test 
terminal having a conductive portion aligned With and 
spaced apart from the conductive surface of the ?rst die 
terminal When the substrate is positioned proximate the 
die; 

forming a second test terminal on the substrate, the second 
test terminal having a conductive portion aligned With 
the second die terminal While the ?rst test terminal is 
aligned With the ?rst die terminal and the substrate is 
positioned proximate the die; and 

positioning a dielectric material intermediate at least the 
conductive portion of the ?rst test terminal and the 
conductive surface of the ?rst die terminal When the 
?rst test terminal is aligned With the ?rst die terminal. 

58. The method of claim 57, further comprising attaching 
the dielectric material to the conductive portion of the ?rst 
test terminal. 

59. The method of claim 57 Wherein the act of forming the 
?rst test terminal comprises: 

selecting a ?rst region of a surface of the substrate; and 

removing a second region of the surface of the substrate 
adjacent the ?rst region to form a projection on the 
substrate aligned With the ?rst die terminal When the 
substrate is positioned proximate the die. 

60. The method of claim 59, further comprising: 

at least partially coating the projection With an insulating 
material; 

at least partially coating the insulating material With a 
conductive material to form the conductive portion; and 

at least partially coating the conductive material With a 
dielectric material. 
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61. The method of claim 57 Wherein the act of forming the 
?rst test terminal comprises: 

applying a layer of photoresist material to a surface of the 
substrate; 

exposing a ?rst region of the layer of photoresist material 
to a selected radiation to form an exposed region of 
photoresist material; 

shielding a second region of the layer of photoresist 
material adjacent the ?rst region from exposure to the 
selected radiation to form a shielded region of photo 
resist material; 

removing one of the exposed and shielded regions; and 

removing substrate material previously covered by the 
other of the exposed and shielded regions to form a 
projection aligned With the ?rst die terminal When the 
substrate is positioned proximate the die. 

62. The method of claim 61 Wherein the act of shielding 
a second region of the photoresist layer includes masking the 
second region With a mask layer having apertures there 
through aligned With a mask layer used to form the ?rst and 
second die terminals of the die. 

63. The method of claim 61 Wherein the act of shielding 
a second region of the photoresist layer includes masking the 
second region With a mask layer having apertures there 
through Which mirror apertures of a mask layer used to form 
the ?rst and second die terminals of the die. 

64. The method of claim 57 Wherein the act of forming the 
?rst test terminal comprises: 

forming an insulating layer on a surface of the substrate; 
and 

forming a ?rst portion of conductive material on the 
insulating layer, the ?rst portion of conductive material 
being aligned With the ?rst die terminal When the 
substrate is positioned proximate to the die. 

65. The method of claim 64 Wherein the act of forming the 
second test terminal comprises: 

depositing a second portion of conductive material on the 
insulating layer, the second portion of conductive mate 
rial being aligned With the second die terminal When 
the ?rst portion of conductive material is aligned With 
the ?rst die terminal. 

66. The method of claim 65, further comprising: 

applying a ?rst portion of dielectric material to the ?rst 
portion of conductive material; and 

applying a second portion of dielectric material to the 
second portion of conductive material. 

67. A method for manufacturing an apparatus for testing 
a semiconductor die having ?rst and second die terminals, 
the method comprising: 

forming ?rst and second projections on a silicon substrate; 

applying a ?rst portion of insulating material to the ?rst 
projection and a second portion of insulating material 
to the second projection; 

applying a ?rst portion of conductive material to the ?rst 
portion of insulating material and a second portion of 
conductive material to the second portion of insulating 
material; and 




