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(57) ABSTRACT 

Test pads, methods, and systems for measuring properties of 
a wafer are provided. One test pad formed on a wafer 
includes a test structure configured Such that one or more 
electrical properties of the test structure can be measured. 
The test pad also includes a conductive layer formed 
between the test structure and the wafer. The conductive 
layer prevents structures located under the test structure 
between the conductive layer and the wafer from affecting 
the one or more electrical properties of the test structure 
during measurement. One method for assessing plasma 
damage of a wafer includes measuring one or more electrical 
properties of a test structure formed on the wafer and 
determining an index characterizing the plasma damage of 
the test structure using the one or more electrical properties. 
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TEST PADS, METHODS AND SYSTEMS FOR 
MEASURING PROPERTIES OF A WAFER 

PRIORITY CLAIM 

0001. This application claims priority to U.S. Provisional 
Application No. 60/709,736 entitled “Test Pads, Methods, 
and Systems for Measuring Properties of a Wafer, and 
Systems and Methods for Controlling Deposition of a 
Charge on a Wafer for Measurement of One or More 
Electrical Properties of the Wafer.” filed Aug. 19, 2005, 
which is incorporated by reference as if fully set forth 
herein. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention generally relates to test pads, 
methods, and systems for measuring properties of a wafer. 
Certain embodiments relate to methods for assessing plasma 
damage of a wafer. Other embodiments relate to methods 
and systems for controlling deposition of a charge on a wafer 
for measurement of one or more electrical properties of the 
wafer. 

0004 2. Description of the Related Art 
0005 The following description and examples are not 
admitted to be prior art by virtue of their inclusion in this 
section. 

0006 Fabricating semiconductor devices such as logic 
and memory devices typically includes processing a Sub 
strate Such as a semiconductor wafer using a number of 
semiconductor fabrication processes to form various fea 
tures and multiple levels of the semiconductor devices. For 
example, insulating (or dielectric) films may be formed on 
multiple levels of a Substrate using deposition processes 
such as chemical vapor deposition (“CVD), physical vapor 
deposition (“PVD'), and atomic layer deposition (ALD). 
In addition, insulating films may be formed on multiple 
levels of a Substrate using a thermal growth process. For 
example, a layer of silicon dioxide may be thermally grown 
on a substrate by heating the Substrate to a temperature of 
greater than about 700° C. in an oxidizing ambient such as 
O, or H.O. Such insulating films electrically isolate con 
ductive structures of a semiconductor device formed on the 
substrate. 

0007 Measuring and controlling properties of such insu 
lating films is an important aspect of semiconductor device 
manufacturing. A number of techniques are presently avail 
able for Such measurements. For example, electrical mea 
Surement techniques, which rely on physical contact 
between a conductive electrode and an upper Surface of an 
insulating film, are able to determine relevant electrical 
properties of insulating films using capacitance vs. Voltage 
(“C-V) and current vs. voltage (I-V) measurements. Such 
measurements have a long history and established utility. 
However, the necessity of direct physical electrical contact 
with the insulating film is particularly undesirable in many 
manufacturing situations. 
0008. Non-contacting electrical test techniques have been 
developed to provide electrical capacitance, electrical thick 
ness, and electrical conductivity information about insulat 
ing films. Non-contacting electrical measurements of dielec 
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tric properties have a unique advantage of providing 
electrically derived information without the requirement of 
physical contact between an electrode and an insulating film. 
These techniques typically use anion generation source Such 
as a corona Source, and a non-contacting Voltage measure 
ment sensor such as a Kelvin Probe or a Monroe Probe to 
determine electrical properties of the films. Examples of 
such techniques are illustrated in U.S. Pat. No. 5,485,091 to 
Verkuil, U.S. Pat. No. 5,594,247 to Verkuil et al., U.S. Pat. 
No. 5,767,693 to Verkuil, U.S. Pat. No. 5,834,941 to Verkuil. 
U.S. Pat. No. 6,060,709 to Verkuil et al., U.S. Pat. No. 
6,072,320 to Verkuil, U.S. Pat. No. 6,091,257 to Verkuil et 
al., U.S. Pat. No. 6,097,196 to Verkuil et al., U.S. Pat. No. 
6,104,206 to Verkuil, U.S. Pat. No. 6,121,783 to Horner et 
al., U.S. Pat. No. 6,191,605 to Miller et al., and U.S. Pat. No. 
6,202,029 to Verkuil et al., which are incorporated by 
reference as if fully set forth herein. 

0009. Although such techniques are non-contacting, 
these techniques are often performed on monitor wafers. The 
term “monitor wafer' is generally used to refer to a wafer 
that is processed prior to processing one or more product 
wafers, or a “lot of product wafers. The term “product 
wafer' is generally used to refer to a wafer that is processed 
using a number of semiconductor fabrication processes to 
form multiple semiconductor devices thereon. In contrast, a 
monitor wafer is typically only processed in a single semi 
conductor fabrication process and then recycled or dis 
carded. As such, semiconductor devices are not formed on 
monitor wafers. Various measurements of the monitor wafer 
may also be performed prior to processing the lot. The 
measurements of the monitor wafer may be used to assess 
the performance of the process. In this manner, the process 
may be evaluated and potentially altered prior to processing 
the lot. Therefore, such a method may increase the prob 
ability that the process will be within process limits when 
product wafers are processed. 

0010. As the value of semiconductor wafers increases, 
and the demand for better throughput and more efficient tool 
usage increases, methods that utilize monitor wafers are 
becoming increasing undesirable. For example, methods 
that include processing and measuring a monitor wafer 
require materials and labor to create and measure the moni 
tor wafer thereby increasing manufacturing costs and reduc 
ing throughput. In addition, measurements performed on 
monitor wafers may not accurately reflect properties of 
product wafers for a number of reasons. For example, 
monitor wafers and product wafers may have different 
characteristics prior to a process that may affect the prop 
erties of the wafers after the process. Such characteristics 
may include, but are not limited to, topography, underlying 
layers formed on the wafers, and structures formed on the 
wafers. The characteristics of monitor wafers and product 
wafers are different because the monitor wafers and the 
product wafers may be processed differently prior to using 
the monitor wafers to evaluate a process. For example, the 
product wafers may be processed using a number of different 
semiconductor manufacturing processes while a monitor 
wafer may not be processed using these processes or may be 
processed using only a Subset of these processes. Therefore, 
a process may not be accurately evaluated, monitored, and 
controlled using measurements performed on a monitor 
wafer. 
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0011. The systems and methods described above may use 
a corona Source in uncontrolled ambient conditions. Corona 
Sources have been used in Such uncontrolled ambient con 
ditions for many years and in various processes. For 
example, corona technology has long been used in Xero 
graphic processes such as photocopying and laser printing. 
The level of corona control required by and used in such 
applications is only driven by the need to transfer toner 
particles. This transfer mechanism is relatively insensitive to 
the level of corona, the species being produced, and the 
production of byproduct species. In an additional example, 
electrostatic precipitators commonly use the corona process 
as part of a pollution control technology. These corona 
applications are typically relatively large scale in nature, and 
the industrial applications for which they are designed are 
also relatively insensitive to the level of corona, the species 
being produced, and the production of byproduct species. 
Examples of corona sources are illustrated in U.S. Pat. No. 
3,495,269 to Mutschler et al., U.S. Pat. No. 3,496,352 to 
Jugle, and U.S. Pat. No. 4,734,721 to Boyer et al., which are 
incorporated by reference as if fully set forth herein. 

0012. As described above, non-contacting electrical test 
methodologies have been developed, which make use of 
corona Sources as a means of depositing charge on the 
Surface of a semiconductor wafer. Examples of corona 
sources for such methodologies are illustrated in U.S. Pat. 
No. 5,485,091 to Verkuil, U.S. Pat. No. 5,594,247 to Verkuil 
et al., and U.S. Pat. No. 5,644,223 to Verkuil, which are 
incorporated by reference as if fully set forth herein. This 
application may be commonly referred to as semiconductor 
metrology. This particular application of corona technology 
is sensitive to variations in corona deposition and contami 
nation from corona deposition. Corona generation in ambi 
ent conditions, however, may produce a number of undesir 
able byproducts. Such byproducts may include, but are not 
limited to, oZone, ammonium nitride, and nitric acid. In 
addition, the electric fields and high Voltages may attract 
particulates into the vicinity of the corona Source. In a 
conventional corona deposition system, such byproducts and 
particulates may accumulate over time and may deposit onto 
a wafer and/or change the production of species being 
created. Therefore, Such byproducts and particulates may 
reduce the accuracy of measurements performed on a semi 
conductor wafer using a corona Source, the accuracy of 
alterations made to a process using Such measurements, and 
the yield of semiconductor manufacturing processes moni 
tored and altered using a corona Source for measurements of 
electrical properties. 
0013. Accordingly, it may be desirable to develop test 
pads, methods, and systems for measuring properties of a 
wafer, particularly a patterned wafer, such as plasma damage 
and electrical properties with relatively high accuracy by 
reducing the effects of underlying structures on the electrical 
properties of the structure being measured and/or using 
controlled deposition of a charge on the wafer. 

SUMMARY OF THE INVENTION 

0014. The following description of various embodiments 
is not to be construed in any way as limiting the Subject 
matter of the appended claims. 

00.15 One embodiment relates to a test pad formed on a 
wafer. The test pad includes a test structure configured Such 
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that one or more electrical properties of the test structure can 
be measured. The test pad also includes a conductive layer 
formed between the test structure and the wafer. The con 
ductive layer prevents structures located under the test 
structure between the conductive layer and the wafer from 
affecting the one or more electrical properties of the test 
structure during measurement. 
0016. In one embodiment, the wafer includes a patterned 
wafer. In one such embodiment, the test structure and the 
conductive layer are formed in a scribe line of the patterned 
wafer. In another embodiment, the conductive layer has an 
area that is larger than an area of the test structure. In some 
embodiments, the test structure includes an intermetal 
dielectric (IMD) structure. In one such embodiment, the one 
or more electrical properties include an in-plane dielectric 
constant of the IMD structure. In another such embodiment, 
the one or more electrical properties include an out-of-plane 
dielectric constant of the IMD structure. In an additional 
Such embodiment, the one or more electrical properties 
include leakage of the IMD structure. In yet another such 
embodiment, the one or more electrical properties include a 
surface voltage (V) map of the IMD structure. 
0017. In some embodiments, the conductive layer is 
electrically connected to the wafer by one or more other 
conductive structures formed between the conductive layer 
and the wafer. 

0018. In an additional embodiment, the test structure 
includes insulating structures and conductive structures 
formed between the insulating structures. In another 
embodiment, the test structure includes insulating structures 
and trenches formed between the insulating structures. In 
one Such embodiment, the one or more electrical properties 
include an in-plane electrical property of the insulating 
structures. In another Such embodiment, the one or more 
electrical properties include an out-of-plane electrical prop 
erty of the insulating structures. 

0019. In some embodiments, more than one of the test 
pads are formed on the wafer. The test structures of the more 
than one test pad include insulating structures and trenches 
formed between the insulating structures. The test structures 
of at least some of the more than one test pad have different 
pitches and different trench widths. In one such embodi 
ment, the one or more electrical properties include a line 
to-line dielectric constant of the insulating structures. In an 
additional embodiment, more than one of the test pads are 
formed on the wafer, the test structures of the more than one 
test pad include insulating structures and trenches formed 
between the insulating structures, and the test structures of 
at least some of the more than one test pad have Substantially 
the same trench width and different insulating structure line 
widths. 

0020. In one embodiment, the test structure includes vias 
formed in an insulating structure. In one such embodiment, 
the one or more electrical properties include an in-plane 
electrical property of the insulating structure. In another 
Such embodiment, the one or more electrical properties 
include an out-of-plane electrical property of the insulating 
structure. In an additional Such embodiment, the Vias are 
arranged in a two-dimensional array in the test structure. In 
a further embodiment, the test structure includes vias formed 
in an insulating structure and conductive structures formed 
in the Vias. 
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0021. In some embodiments, the test structure includes 
insulating structures configured as a serpentine structure. 
The serpentine structure electrically isolates two different 
sets of conductive structures. Each of the different sets of 
conductive structures is coupled to a test area. In another 
embodiment, the test pad includes an additional test struc 
ture configured such that one or more electrical properties of 
the additional test structure can be measured. The test 
structure and the additional test structure include insulating 
structures configured as serpentine structures. The serpen 
tine structures electrically isolate two different sets of con 
ductive structures. At least one characteristic of the serpen 
tine structures or the two different sets of conductive 
structures of the test structure and the additional test struc 
ture is different. 

0022. In an additional embodiment, the test structure 
includes a gate structure. In another embodiment, the test 
structure is formed by a front end of line (FEOL) process. In 
a further embodiment, the one or more electrical properties 
can be measured by measuring an out-of-plane Voltage of 
the test structure. In yet another embodiment, the test 
structure has one or more characteristics that are Substan 
tially the same as one or more characteristics of a device 
structure formed on the wafer. In additional embodiments, 
the structures located under the test structure include addi 
tional test structures. In this manner, the test pad may 
include a 'stack of test structures. 

0023. In one embodiment, the one or more electrical 
properties are measured using a non-contact measurement 
technique. In another embodiment, the one or more electri 
cal properties are measured using a contact measurement 
technique. Each of the embodiments of the test pad 
described above may be further configured as described 
herein. 

0024. An additional embodiment relates to a different test 
pad formed on a wafer. This test pad includes a gate structure 
configured Such that one or more electrical properties of the 
gate structure can be measured. The test pad also includes an 
isolated insulator pad formed between the gate structure and 
the wafer. The isolated insulator pad prevents structures 
located under the gate structure between the isolated insu 
lator pad and the wafer from affecting the one or more 
electrical properties of the gate structure during measure 
ment. 

0025. In one embodiment, the gate structure includes a 
Source, a gate electrode, and a drain. In another embodiment, 
the gate structure includes a source, a gate electrode, a drain, 
and a gate dielectric. In some embodiments, the one or more 
electrical properties include an out-of-plane electrical prop 
erty of the gate structure. In another embodiment, the one or 
more electrical properties include an in-plane electrical 
property of the gate structure. In an additional embodiment, 
the one or more electrical properties include a threshold 
voltage (V) of the gate structure. 
0026. In some embodiments, neighboring structures are 
formed on a layer of the wafer on which the gate structure 
is formed. In one Such embodiment, the isolated insulator 
pad also prevents the neighboring structures from affecting 
the one or more electrical properties of the gate structure 
during measurement. In another embodiment, the isolated 
insulator pad has an area that is larger than an area of the 
gate structure. In a further embodiment, the gate structure 
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has one or more characteristics that are substantially the 
same as one or more characteristics of a device structure 
formed on the wafer. 

0027. In one embodiment, the wafer includes a patterned 
wafer, and the gate structure and the isolated insulator pad 
are formed in a scribe line of the patterned wafer. In another 
embodiment, more than one of the test pads are formed on 
the wafer in an arrangement Such that across wafer varia 
tions in the one or more electrical properties of the gate 
structure can be measured. 

0028. In an additional embodiment, the one or more 
electrical properties can be measured using a non-contact 
measurement technique. In another embodiment, the one or 
more electrical properties can be measured using a non 
contact measurement technique in which a charge is depos 
ited on only a portion of the gate structure. In a further 
embodiment, the one or more electrical properties can be 
measured using a contact measurement technique. Each of 
the embodiments of the test pad described above may be 
further configured as described herein. 
0029. An additional embodiment relates to a different test 
pad formed on a wafer. The test pad includes a gate structure 
formed on the wafer. One or more electrical properties of the 
gate structure can be measured for FEOL gate in-line 
monitoring. 

0030. In one embodiment, the gate structure includes a 
polysilicon layer formed on the wafer. In another embodi 
ment, the gate structure includes an isolated polysilicon 
structure. In an additional embodiment, the gate structure 
includes a polysilicon layer formed on a gate dielectric layer. 
In a further embodiment, the test pad has a test area that is 
about 60 umxabout 60 lum. 
0031. In some embodiments, the one or more electrical 
properties can be measured by measuring capacitance-Volt 
age characteristics of the gate structure. As described above, 
in one embodiment, the gate structure includes a polysilicon 
layer formed on a gate dielectric layer. In one such embodi 
ment, the one or more electrical properties include an 
equivalent oxide thickness (EOT) of the gate dielectric layer. 
In another Such embodiment, the one or more electrical 
properties include a leakage characteristic of the gate dielec 
tric layer. In a further embodiment, the one or more electrical 
properties include one or more in-plane electrical properties 
of the gate structure. 
0032. In another embodiment, the test pad is formed in a 
scribe line of the wafer. In an additional embodiment, the 
gate in-line monitoring includes gate quality monitoring. In 
Some embodiments, the gate structures has one or more 
characteristics that are Substantially the same as one or more 
characteristics of a device structure formed on the wafer. In 
a further embodiment, more than one of the test pads are 
formed on the wafer in an arrangement such that across 
wafer variations in the one or more electrical properties of 
the gate structure can be measured. 
0033. In one embodiment, the one or more electrical 
properties can be measured using a non-contact measure 
ment technique. In another embodiment, the one or more 
electrical properties can be measured using a contact mea 
Surement technique. In an additional embodiment, the one or 
more electrical properties include V. In a further embodi 
ment, the one or more electrical properties include interface 
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trap density (Dit). In yet another embodiment, the one or 
more electrical properties include V. 
0034. In one embodiment, the gate in-line monitoring 
includes gate dielectric process control. In another embodi 
ment, the gate in-line monitoring includes polysilicon 
plasma etch damage monitoring. In an additional embodi 
ment, the gate in-line monitoring includes pre-spacer ion 
implantation damage monitoring. In a further embodiment, 
the gate in-line monitoring includes spacer deposition and 
etch process monitoring. In yet another embodiment, the 
gate in-line monitoring includes source and drain ion 
implantation damage monitoring. In another embodiment, 
the gate in-line monitoring includes salicide sinter strip 
anneal monitoring. In an additional embodiment, the gate 
in-line monitoring includes contact dielectric deposition and 
chemical-mechanical polishing (CMP) charging monitoring. 
Each of the embodiments of the test pad described above 
may be further configured as described herein. 
0035 An additional embodiment relates to a test pad 
formed on a wafer that includes an array of shallow trench 
isolation (STI) structures formed on the wafer. One or more 
electrical properties of the STI structures can be measured 
for monitoring quality of the STI structures. 
0036). In one embodiment, the array is formed in a scribe 
line on the wafer. In another embodiment, the test pad has an 
area of about 75 um by about 75 lum. In an additional 
embodiment, one or more characteristics of the STI struc 
tures are substantially the same as one or more characteris 
tics of STI structures of device structures formed on the 
wafer. In some embodiments, the one or more electrical 
properties include effective capacitance. In a further 
embodiment, the one or more electrical properties include a 
V map. Each of the embodiments of the test pad described 
above may be further configured as described herein. 
0037. A further embodiment relates to a different test pad 
formed on a wafer. The test pad includes a box oxide layer 
formed on the wafer. The test pad also includes one or more 
silicon (Si) structures formed on the box oxide layer. In 
addition, the test pad includes one or more gate dielectric 
structures formed on the one or more Si structures. One or 
more electrical properties of the box oxide layer and the one 
or more gate dielectric structures can be measured. 
0038. In one embodiment, the one or more electrical 
properties include capacitance of the box oxide layer and 
capacitance of the one or more gate dielectric structures. In 
another embodiment, the test pad is formed in a scribe line 
of the wafer. In some embodiments, the one or more 
electrical properties can be measured using a non-contact 
measurement technique. In a further embodiment, the one or 
more electrical properties can be measured using a contact 
measurement technique. 
0039. In an additional embodiment, the one or more gate 
dielectric structures and the one or more Si structures have 
Substantially the same area. In another embodiment, each of 
the one or more gate dielectric structures has substantially 
the same area as the one or more Si structures on which each 
of the one or more gate dielectric structures is formed. In one 
embodiment, the one or more Si structures have different 
areas. In one Such embodiment, each of the one or more gate 
dielectric structures has substantially the same area as the 
one or more Si structures on which each of the one or more 
gate dielectric structures is formed. 
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0040. In a further embodiment, at least one of the one or 
more gate dielectric structures has an area that is different 
than an area of the one or more Si structures on which the 
at least one of the one or more gate dielectric structures is 
formed. In another embodiment, at least one of the one or 
more gate dielectric structures has an area that is less than an 
area of the one or more Si structures on which the at least 
one of the one or more gate dielectric structures is formed. 
In one such embodiment, the at least one of the one or more 
gate dielectric structures is located entirely within the area of 
the one or more Si structures on which the at least one of the 
one or more gate dielectric structures is formed. Each of the 
embodiments of the test pad described above may be further 
configured as described herein. 
0041. A further embodiment relates to a method for 
determining one or more electrical properties of a test pad 
formed on a wafer. The method includes depositing a first 
corona charge in a first corona deposition spot on a gate 
dielectric structure of the test pad. The gate dielectric 
structure is formed on a Si structure. The Si structure is 
formed on a box oxide layer, which is formed on the wafer. 
The method also includes measuring a first voltage of the 
test pad after depositing the first corona charge. In addition, 
the method includes depositing a second corona charge in a 
second corona deposition spot on the gate dielectric struc 
ture. The second corona deposition spot has an area that is 
different than an area of the first corona deposition spot. The 
method further includes measuring a second Voltage of the 
test pad after depositing the second corona charge. Further 
more, the method includes determining one or more elec 
trical properties of one or more structures of the test pad 
using the first voltage and the second Voltage. 
0042. In one embodiment, the area of the second corona 
deposition spot is larger than the area of the first corona 
deposition spot. In another embodiment, the first and second 
Voltages are measured using a non-contact measurement 
technique. In an additional embodiment, the first and second 
Voltages are measured using a contact measurement tech 
n1due. 

0043. In one embodiment, depositing the first corona 
charge is performed using a first corona gun, and depositing 
the second corona charge is performed using a second 
corona gun. In a different embodiment, depositing the first 
and second corona charges are performed using a single 
corona gun and different Voltage settings of one or more 
electrodes of the single corona gun. 
0044) In one embodiment, the one or more electrical 
properties include capacitance of the gate dielectric structure 
and capacitance of the box oxide layer. In another embodi 
ment, the gate dielectric structure and the Si structure have 
substantially the same area. Each of the step(s) of the 
method described above may be performed as described 
further herein. Each of the embodiments of the method 
described above may include any other step(s) of any other 
method(s) described herein. In addition, the test pad for 
which the method is performed may be further configured as 
described herein. Furthermore, each of the embodiments of 
the method described above may be performed by any of the 
system embodiments described herein. 
0045 An additional embodiment relates to a method for 
determining one or more electrical properties of one or more 
structures formed on a wafer. The method includes depos 
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iting a first corona charge on a first of two test pads formed 
on the wafer in a first corona deposition spot. Each of the 
two test pads includes a gate dielectric structure formed on 
a Si structure. The gate dielectric structures and the Si 
structures of the two test pads have substantially the same 
area. The Si structures of the two test pads are formed on a 
box oxide layer, which is formed on the wafer. The method 
also includes measuring a first voltage of the first of the two 
test pads after depositing the first corona charge. In addition, 
the method includes depositing a second corona charge on a 
second of the two test pads in a second corona deposition 
spot. The second corona deposition spot has an area that is 
different than an area of the first corona deposition spot. The 
method further includes measuring a second Voltage of the 
second of the two test pads after depositing the second 
corona charge. Furthermore, the method includes determin 
ing one or more electrical properties of one or more struc 
tures of the two test pads using the first voltage and the 
second Voltage. 
0046. In one embodiment, the area of the second corona 
deposition spot is larger than the area of the first corona 
deposition spot. In another embodiment, the first and second 
Voltages are measured using a non-contact measurement 
technique. In an additional embodiment, the first and second 
Voltages are measured using a contact measurement tech 
n1due. 

0047. In some embodiments, depositing the first corona 
charge is performed using a first corona gun, and depositing 
the second corona charge is performed using a second 
corona charge. In a different embodiment, depositing the 
first and second corona charges are performed using a single 
corona gun and different Voltage settings of one or more 
electrodes of the single corona gun. In another embodiment, 
the one or more electrical properties include capacitance of 
the gate dielectric structures and capacitance of the box 
oxide layer. 
0.048. Each of the step(s) of the method described above 
may be performed as described further herein. Each of the 
embodiments of the method described above may include 
any other step(s) of any other method(s) described herein. In 
addition, the two test pads for which the method is per 
formed may be further configured as described herein. 
Furthermore, each of the embodiments of the method 
described above may be performed by any of the system 
embodiments described herein. 

0049. An additional embodiment relates to a method for 
determining one or more electrical properties of two test 
structures of a test pad formed on a wafer. The method 
includes depositing a first corona charge on a first of the two 
test structures. Each of the two test structures includes a gate 
dielectric structure formed on a Si structure. The gate 
dielectric structures of the two test structures have different 
areas. The Si structures of the two test structures have 
different areas. The Si structures of the two test structures are 
formed on a box oxide layer, which is formed on the wafer. 
0050. The method also includes measuring a first voltage 
of the first of the two test structures after depositing the first 
corona charge. In addition, the method includes depositing 
a second corona charge on a second of the two test struc 
tures. The method further includes measuring a second 
voltage of the second of the two test structures after depos 
iting the second corona charge. Furthermore, the method 
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includes determining one or more electrical properties of the 
two test structures using the first Voltage and the second 
Voltage. 
0051. In one embodiment, the first and second voltages 
are measured using a non-contact measurement technique. 
In another embodiment, the first and second Voltages are 
measured using a contact measurement technique. In an 
additional embodiment, depositing the first and second 
corona charges are performed using a single corona gun. In 
Some embodiments, the one or more electrical properties 
include capacitance of the gate dielectric structures and 
capacitance of the box oxide layer. In a further embodiment, 
the gate dielectric structure and the Si structure of the first 
of the two test structures have substantially the same area, 
and the gate dielectric structure and the Si structure of the 
second of the two test structures have substantially the same 
area. In yet another embodiment, the test pad is formed in a 
scribe line of the wafer. 

0052 Each of the step(s) of the method described above 
may be performed as described further herein. Each of the 
embodiments of the method described above may include 
any other step(s) of any other method(s) described herein. In 
addition, the test pad for which the method is performed may 
be further configured as described herein. Furthermore, each 
of the embodiments of the method described above may be 
performed by any of the system embodiments described 
herein. 

0053 A further embodiment relates to a method for 
determining one or more electrical properties of a test pad 
formed on a wafer. The method includes depositing a corona 
charge on the test pad. The test pad includes a gate dielectric 
structure formed on a Si structure. The gate dielectric 
structure has an area that is less than an area of the Si 
structure. The Si structure is formed on a box oxide layer, 
which is formed on the wafer. The method also includes 
measuring a Voltage of the test pad after depositing the 
corona charge. In addition, the method includes determining 
one or more electrical properties of one or more structures 
of the test pad using the Voltage. 
0054. In one embodiment, the voltage is measured using 
a non-contact measurement technique. In another embodi 
ment, the Voltage is measured using a contact measurement 
technique. In some embodiments, the gate dielectric struc 
ture is located entirely within the area of the Si structure. In 
a further embodiment, the one or more electrical properties 
include capacitance of the gate dielectric structure and 
capacitance of the box oxide layer. In yet another embodi 
ment, the test pad is formed in a scribe line of the wafer. 
0055) Each of the step(s) of the method described above 
may be performed as described further herein. Each of the 
embodiments of the method described above may include 
any other step(s) of any other method(s) described herein. In 
addition, the test pad for which the method is performed may 
be further configured as described herein. Furthermore, each 
of the embodiments of the method described above may be 
performed by any of the system embodiments described 
herein. 

0056. An additional embodiment relates to a different test 
pad formed on a wafer. The test pad includes an oxide layer 
formed on the wafer. The test pad also includes a Si structure 
formed on the oxide layer. One or more electrical properties 
of the oxide layer can be measured to monitor quality of the 
oxide layer. 
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0057. In one embodiment, the one or more electrical 
properties of the oxide layer can be measured to monitor 
quality of an interface between the oxide layer and the Si 
structure. In another embodiment, the test pad is formed in 
an active area (AA) of the wafer. In some embodiments, the 
test pad has an area of about 50 um by about 50 lum. In an 
additional embodiment, the one or more electrical properties 
of the oxide layer can be measured by measuring a V map 
across an upper Surface of the test pad. In some embodi 
ments, the one or more electrical properties can be measured 
using a non-contact measurement technique. In a further 
embodiment, the one or more electrical properties can be 
measured using a contact measurement technique. Each of 
the embodiments of the test pad described above may be 
further configured as described herein. 
0.058 Another embodiment relates to a method for 
assessing plasma damage of a wafer. The method includes 
measuring one or more electrical properties of a test struc 
ture formed on the wafer. The method also includes deter 
mining an index characterizing the plasma damage of the 
test structure using the one or more electrical properties. The 
plasma damage is caused by a process performed on the 
wafer. 

0059. In some embodiments, one or more characteristics 
of the test structure are substantially the same as one or more 
characteristics of device structures formed on the wafer. In 
one embodiment, the wafer includes a patterned wafer. In 
Such an embodiment, the test structure may be formed in a 
scribe line on the patterned wafer. In another such embodi 
ment, the test structure may include different structures 
formed in a scribe line on the wafer. The different structures 
have substantially the same characteristics as different 
device structures formed on the wafer such that the index 
also characterizes the plasma damage of the different device 
Structures. 

0060. In another embodiment, the test structure includes 
trenches formed in an insulating structure, and the one or 
more electrical properties include an in-plane electrical 
property of the insulating structure. In an additional embodi 
ment, the test structure includes vias formed in an insulating 
structure, and the one or more electrical properties include 
an out-of-plane electrical property of the insulating struc 
ture. 

0061. In some embodiments, the method includes mea 
Suring one or more additional properties of the test structure 
using one or more optical techniques. In one such embodi 
ment, the method also includes determining an in-plane 
electrical property of the test structure using the one or more 
electrical properties and the one or more additional proper 
ties. In another Such embodiment, determining the index 
includes determining the index using the one or more 
electrical properties and the one or more additional proper 
ties. 

0062. In one embodiment, the index is a weighted index. 
In another embodiment, the plasma damage includes Surface 
charge non-uniformity, bulk film damage, and interface 
damage. In some embodiments, the test structure includes an 
IMD structure. In a different embodiment, the test structure 
includes a gate structure. In a further embodiment, the test 
structure includes an STI structure, and the plasma damage 
includes leakage at a corner of a lining oxide of the STI 
structure. In some embodiments, the test structure includes 
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a portion of the wafer surrounded by one or more trenches, 
a pad oxide layer formed on an upper Surface of the portion 
of the wafer, and a lining oxide formed on side Surfaces of 
the portion of the wafer, side surfaces of the pad oxide layer, 
and an upper Surface of the wafer in the one or more 
trenches. In another embodiment, the test structure includes 
one or more P wells, one or more N wells, or a combination 
thereof. In one such embodiment, the plasma damage 
includes plasma charging that takes place during one or 
more ion implantation processes used to form the one or 
more P wells, the one or more N wells, or the combination 
thereof. In a further embodiment, the test structure includes 
one or more layers of wiring formed on the wafer above a 
gate structure, and the plasma damage includes damage to 
the gate structure caused by one or more processes used to 
form the one or more layers of wiring. 
0063. In one embodiment, the measuring step is per 
formed using a non-contact measurement technique. In a 
different embodiment, the measuring step is performed 
using a contact measurement technique. 
0064. In another embodiment, the method includes moni 
toring one or more parameters of the process using the 
index. In additional embodiments, the method includes 
altering one or more parameters of a process tool based on 
the index. The process tool performed the process on the 
wafer. Each of the step(s) of the method described above 
may be performed as described further herein. Each of the 
embodiments of the method described above may include 
any other step(s) of any other method(s) described herein. In 
addition, the test pad on which the method is performed may 
be further configured as described herein. Furthermore, each 
of the embodiments of the method described above may be 
performed by any of the system embodiments described 
herein. 

0065. Yet another embodiment relates to a different 
method for assessing plasma damage of a wafer. This 
method includes measuring one or more electrical properties 
of a device structure formed on the wafer. The method also 
includes determining an index characterizing the plasma 
damage of the device structure using the one or more 
electrical properties. The plasma damage is caused by a 
process performed on the wafer. 
0066. In one embodiment, measuring the one or more 
electrical properties includes measuring a V at more than 
one location within a die formed on the wafer. In one such 
embodiment, the more than one location are within different 
types of areas of the die. In another embodiment, the plasma 
damage includes a Surface charge profile within a die formed 
on the wafer. In some embodiments, measuring the one or 
more electrical properties includes measuring a V at Sub 
stantially the same within die location for more than one die 
formed on the wafer. In one such embodiment, the method 
includes comparing the Vs to determine V uniformity 
across the wafer. In another embodiment, the plasma dam 
age includes surface charge uniformity across the wafer. 
0067. Each of the step(s) of the method described above 
may be performed as described further herein. Each of the 
embodiments of the method described above may include 
any other step(s) of any other method(s) described herein. In 
addition, the device structure on which the method is per 
formed may be further configured as described herein. 
Furthermore, each of the embodiments of the method 
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described above may be performed by any of the system 
embodiments described herein. 

0068 A further embodiment relates to a test pad formed 
on a wafer. The test pad includes one or more layers of 
wiring formed on the wafer above a gate structure. The test 
pad also includes one or more test structures electrically 
coupled to the gate structure. One or more electrical prop 
erties of the gate structure can be measured by performing 
measurements on the one or more test structures. Damage to 
the gate structure caused by one or more processes used to 
form the one or more layers of wiring can be determined 
using the one or more electrical properties. 
0069. In one embodiment, the one or more test structures 
include at least one antenna structure electrically connected 
to the gate structure by a via. In one such embodiment, the 
damage includes plasma damage. In another such embodi 
ment, the at least one antenna structure includes a serpentine 
structure. In an additional embodiment, the one or more test 
structures include a conductive structure formed on a top 
layer of the one or more layers of wiring. The conductive 
structure is electrically connected to the gate structure. In a 
further embodiment, the one or more test structures include 
a dielectric structure formed on a top layer of the one or 
more layers of wiring. In some embodiments, the one or 
more electrical properties include EOT. leakage, Dit, total 
charge deposition, or flatband Voltage (V). Each of the 
embodiments of the test pad described above may be further 
configured as described herein. 
0070 An additional embodiment relates to a test structure 
formed on a wafer. The test structure includes a portion of 
the wafer surrounded by one or more trenches. The test 
structure also includes a pad oxide layer formed on an upper 
surface of the portion of the wafer. In addition, the test 
structure includes a lining oxide formed on side Surfaces of 
the portion of the wafer, side surfaces of the pad oxide layer, 
and an upper Surface of the wafer in the one or more 
trenches. One or more electrical properties of the test 
structure can be measured and used to determine an index 
characterizing plasma damage of the test structure caused by 
a process performed on the wafer. 

0071. In one embodiment, the one or more trenches 
include one or more STI structures. In another embodiment, 
the one or more electrical properties include leakage of the 
lining oxide proximate an upper corner of the portion of the 
wafer. In an additional embodiment, the test structure is 
configured as an AA bulk pattern having an area of about 50 
um by about 50 lum. In some embodiments, the test structure 
is configured as an AA bulk pattern, and the one or more 
electrical properties of the test structure can be measured by 
scanning one or more lines along an edge of the bulk pattern 
with a probe. 

0072. In another embodiment, the test structure is 
included in an AA island pattern formed on the wafer. In one 
Such embodiment, each island in the AA island pattern 
includes the test structure described above. In another such 
embodiment, the AA island pattern has overall dimensions 
of about 50 um by about 50 lum. In an additional such 
embodiment, each island in the AA island pattern has a 
width of about 0.05 um to about 0.2 m. In a further such 
embodiment, the one or more electrical properties of the test 
structure can be measured by performing one or more 
measurements on one or more islands in the AA island 
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pattern using a probe. In yet a further Such embodiment, the 
one or more electrical properties of the test structure can be 
measured by performing one or more measurements on 
areas between islands in the AA island pattern using a probe. 
0073. In one embodiment, the test structure includes a 
silicon nitride layer formed on the pad oxide layer. In 
another embodiment, the test structure includes a dielectric 
formed in the one or more trenches. In one such embodi 
ment, an upper Surface of the dielectric is not in the same 
plane as an upper Surface of the pad oxide layer. In some 
embodiments, the plasma damage includes damage of the 
pad oxide layer due to removal of a silicon nitride layer from 
the pad oxide layer. 
0074. In one embodiment, the test structure includes a 
dielectric formed in the one or more trenches. In one such 
embodiment, an upper Surface of the dielectric is substan 
tially planar with an upper Surface of the pad oxide layer. In 
Some Such embodiments, the plasma damage includes dam 
age of the pad oxide layer due to removal of a silicon nitride 
layer from the pad oxide layer. In additional such embodi 
ments, the plasma damage includes damage of the pad oxide 
layer and the dielectric due to CMP of the dielectric. Each 
of the embodiments of the test structure described above 
may be further configured as described herein. 
0075 Another embodiment relates to a test structure 
formed on a wafer. This test structure includes an epitaxial 
layer formed on the wafer. The test structure also includes 
one or more P wells, one or more N wells, or a combination 
thereof formed through the epitaxial layer and into the wafer. 
One or more electrical properties of the test structure can be 
measured and used to determine an index characterizing 
plasma damage of the test structure caused by a process 
performed on the wafer. 
0076. In one embodiment, the plasma damage includes 
plasma charging due to one or more ion implantation pro 
cesses used to form the one or more P wells, the one or more 
N wells, or the combination thereof. In another embodiment, 
the test structure includes a dielectric layer formed on an 
upper surface of the test structure. In an additional embodi 
ment, the test structure includes a dielectric layer formed on 
upper surfaces of the one or more P wells, the one or more 
N wells, or the combination thereof. In one such embodi 
ment, the dielectric layer is not formed on an upper Surface 
of the epitaxial layer. 
0077. In some embodiments, the test structure is config 
ured as an AA bulk pattern. In another embodiment, the test 
structure is configured as an AA bulk pattern having an area 
of about 50 um by about 50 um. In a further embodiment, the 
test structure is configured as an AA bulk pattern, and the 
one or more electrical properties include a V map of the AA 
bulk pattern. Each of the embodiments of the test structure 
described above may be further configured as described 
herein. 

0078 Yet another embodiment relates to a test structure 
formed on a wafer. This test structure includes a gate 
structure formed on the wafer. One or more electrical 
properties of the gate structure can be measured and used to 
determine an index characterizing plasma damage of the 
gate structure caused by a process performed on the wafer. 
0079. In one embodiment, the gate structure includes 
insulating structures formed in the wafer and a dielectric 
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layer formed on upper surfaces of the wafer and the insu 
lating structures. In one such embodiment, the plasma 
damage includes plasma damage of the dielectric structure. 
In another embodiment, the gate structure is configured as an 
AA bulk pattern on the wafer, and the one or more electrical 
properties of the gate structure are measured at approxi 
mately the center of the AA bulk pattern. 

0080. In an additional embodiment, the gate structure 
includes a gate dielectric structure formed on the wafer and 
a gate electrode structure formed on the gate dielectric 
structure. In one such embodiment, the plasma damage 
includes plasma damage of the gate electrode structure. In a 
further embodiment, the test structure is included in an array 
of test structures arranged in an AA island pattern on the 
wafer. In yet another embodiment, the gate structure has one 
or more characteristics that are substantially the same as one 
or more characteristics of a device structure formed on the 
wafer. 

0081. In one embodiment, the gate structure includes a 
gate dielectric structure formed on the wafer, a gate elec 
trode structure formed on the gate dielectric structure, and 
STI structures formed in the wafer and partially underlying 
the gate electrode structure. In one such embodiment, the 
one or more electrical properties include EOT of the gate 
dielectric structure. In another such embodiment, the one or 
more electrical properties include leakage index (J) of the 
gate dielectric structure. In an additional Such embodiment, 
the process includes a polysilicon etch process. In a further 
such embodiment, an area of the test structure defined by an 
area of the gate dielectric structure is used as a test pad for 
measurement of the one or more electrical properties. In one 
Such embodiment, the test pad has an area of about 50 um 
by about 50 lum. 

0082 In another embodiment, the gate structure includes 
patterned gate dielectric structures formed on the wafer, a 
gate electrode structure formed across all of the patterned 
gate dielectric structures, and STI structures formed within 
the wafer in areas of the wafer above which the patterned 
gate dielectric structures are not formed. In one Such 
embodiment, the plasma damage includes integrity of the 
gate dielectric structures. In another Such embodiment, the 
process includes a polysilicon etch process. In some Such 
embodiments, an area of the test structure defined by an area 
of the gate electrode structure is used as a test pad for 
measurement of the one or more electrical properties. In one 
Such embodiment, the test pad has an area of about 50 um 
by about 50 m. In another such embodiment, a width of 
each of the patterned gate dielectric structures is about 0.05 
um to about 0.2 Lum. 

0083. In another embodiment, the gate structure includes 
a gate dielectric structure formed on the wafer, a polysilicon 
finger pattern formed on the gate dielectric structure, and an 
STI structure formed within the wafer in an area of the wafer 
Surrounding the gate dielectric structure. In one Such 
embodiment, the one or more electrical properties of the gate 
structure can be measured on a polysilicon test area of the 
polysilicon finger pattern. In another Such embodiment, the 
polysilicon finger pattern is configured as a serpentine 
structure. In an additional Such embodiment, the polysilicon 
finger pattern is configured as a series of lines, and each of 
the lines is coupled to a polysilicon test area of the poly 
silicon finger pattern by a line coupled to an end of each of 
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the series of lines. In a further such embodiment, the plasma 
damage includes plasma damage of the gate dielectric 
structure caused by a polysilicon etch process. In yet another 
Such embodiment, the one or more electrical properties of 
the gate structure include leakage of the gate dielectric 
structure. In still another such embodiment, the one or more 
electrical properties of the gate structure includes J of the 
gate dielectric structure. In an additional Such embodiment, 
the one or more electrical properties can be measured by 
depositing a charge on a polysilicon test area of the poly 
silicon finger pattern, the one or more electric properties 
include leakage current, and the plasma damage includes 
edge damage of the gate electrode structure due to a poly 
silicon etch process. 
0084. In a further embodiment, the gate structure 
includes a gate dielectric structure formed on the wafer. In 
one such embodiment, the plasma damage includes plasma 
damage of the gate dielectric structure due to an ion implan 
tation process. In another Such embodiment, the plasma 
damage includes plasma damage of the gate dielectric 
structure due to one or more etch processes used to form one 
or more spacers on the gate structure. Each of the embodi 
ments of the test structure described above may be further 
configured as described herein. 
0085. An additional embodiment relates to a system 
configured to control deposition of a charge on a wafer for 
measurement of one or more electrical properties of the 
wafer. The system includes a corona Source that is config 
ured to deposit the charge on the wafer. The system also 
includes a sensor that is configured to measure one or more 
conditions within the corona Source. In addition, the system 
includes a control Subsystem that is configured to alter one 
or more parameters of the corona Source based on the one or 
more conditions. 

0086. In some embodiments, the one or more conditions 
include one or more properties of one or more chemical 
species in the corona Source. In one Such embodiment, the 
one or more parameters that are altered by the control 
Subsystem include one or more parameters of one or more 
gas flow devices coupled to the corona Source. In one 
embodiment, the one or more gas flow devices include one 
or more mixing chambers coupled to an inlet of the corona 
Source. The one or more mixing chambers are configured to 
mix the one or more chemical species prior to introduction 
of the one or more chemical species to the corona Source. 
0087. In one embodiment, the sensor is configured to 
measure the one or more conditions in the corona Source 
using an optical technique. In another embodiment, the 
system includes an optical Subsystem that is configured to 
control a reaction in the corona Source. 

0088. In one embodiment, the corona source includes one 
or more shielding components disposed within the corona 
Source. The one or more shielding components are config 
ured to prevent interaction between a plasma generated in 
the corona Source and components of the corona Source. In 
Some embodiments, the system may include a coating 
formed on Surfaces of one or more components of the corona 
Source. The Surfaces are internal to the corona Source, and 
the coating is selected to alter the one or more conditions 
within the corona Source. 

0089. In another embodiment, the one or more conditions 
in the corona Source that are measured include one or more 
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properties of a magnetic field in the corona Source. In one 
Such embodiment, the one or more parameters of the corona 
Source that are altered may include one or more parameters 
of a magnetic device coupled to the corona Source. In an 
additional embodiment, the system includes an additional 
sensor that is configured to measure a position of the corona 
source with respect to the wafer. 
0090. In one embodiment, the system includes a probe 
that is configured to measure the one or more electrical 
properties after the charge is deposited on the wafer. In Such 
an embodiment, the control Subsystem may be configured to 
select a geometry of the probe based on one or more 
characteristics of test structures formed on the wafer. In 
another embodiment, the system includes multiple probes 
that are configured to measure the one or more electrical 
properties of multiple test structures on the wafer substan 
tially simultaneously after the charge is deposited on the 
wafer. 

0091. In some embodiments, the control subsystem is 
configured to control one or more parameters of a measure 
ment chamber in which the corona Source is disposed. In 
another embodiment, the system includes a sample prepa 
ration Subsystem that is configured to alter one or more 
characteristics of the wafer before the charge is deposited on 
the wafer. In a further embodiment, the system includes a 
sample preparation Subsystem that is configured to alter one 
or more characteristics of the wafer before the charge is 
deposited on the wafer such that different locations on the 
wafer have different values of the one or more characteris 
tics. 

0092. In one embodiment, the system includes an addi 
tional measurement Subsystem that is configured to measure 
one or more different properties of the wafer. In another 
embodiment, the one or more electrical properties include a 
Surface photovoltage. In Such an embodiment, the system 
includes an illumination Subsystem that is configured to 
direct light to the wafer during Voltage measurements. In 
Some embodiments, the wafer includes a patterned wafer. 
Each of the embodiments of the system described above 
may be further configured as described herein. 

0093. Another embodiment relates to a method for con 
trolling deposition of a charge on a wafer for measurement 
of one or more electrical properties of the wafer. This 
method includes measuring one or more conditions within a 
corona Source. The corona Source is configured to deposit 
the charge on the wafer. The method also includes altering 
one or more parameters of the corona Source based on the 
one or more conditions. This method may include any other 
step(s) described herein. 
0094. An additional embodiment relates to another sys 
tem that is configured to control deposition of a charge on a 
wafer for measurement of one or more electrical properties 
of the wafer. This system includes a corona Source config 
ured to deposit the charge on the wafer. This system also 
includes a mixture of gases disposed within a discharge 
chamber of the corona Source during the deposition of the 
charge. The mixture of gases alters one or more parameters 
of the charge deposited on the wafer. 

0.095. In one embodiment, the mixture includes carbon 
dioxide and krypton. In another embodiment, about 65 
volume '% to about 85 volume 96 of the mixture includes 
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carbon dioxide, and about 15 volume 96 to about 35 volume 
% of the mixture includes krypton. In a further embodiment, 
about 75 volume 96 of the mixture includes carbon dioxide, 
and about 25 volume '% of the mixture includes krypton. 
Each of the embodiments of the system described above 
may be further configured as described herein. 
0096] A further embodiment relates to a method for 
controlling deposition of a charge on a wafer for measure 
ment of one or more electrical properties of the wafer. This 
method includes producing a mixture of gases in a discharge 
chamber of a corona Source. The method also includes 
depositing the charge on the wafer using the corona Source 
while the mixture of gases is in the discharge chamber. The 
mixture of gases alters one or more parameters of the charge 
deposited on the wafer. 
0097. In one embodiment, the mixture includes carbon 
dioxide and krypton. In another embodiment, about 65 
volume '% to about 85 volume 96 of the mixture includes 
carbon dioxide, and about 15 volume 96 to about 35 volume 
% of the mixture includes krypton. In a further embodiment, 
about 75 volume 96 of the mixture includes carbon dioxide, 
and about 25 volume '% of the mixture includes krypton. 
Each of the embodiments of the method described above 
may include any other step(s) described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0098. Further advantages of the present invention may 
become apparent to those skilled in the art with the benefit 
of the following detailed description of the preferred 
embodiments and upon reference to the accompanying 
drawings in which: 
0099 FIG. 1 is a schematic diagram illustrating a cross 
sectional view of one example of a wafer after different 
processes have been performed on the wafer and different 
embodiments of a test pad that can be formed on the wafer; 
0.100 FIGS. 2-10 are schematic diagrams illustrating a 
cross-sectional view of different embodiments of a test pad 
that can be formed on a wafer; 
0101 FIG. 11 is a schematic diagram illustrating one 
example of a device structure formed on a wafer after a 
number of interlevel (ILD) processes have been performed 
on the wafer; 
0102 FIGS. 12-13 are schematic diagrams illustrating a 
cross-sectional view of different embodiments of a test pad 
that can be formed on a wafer; 
0.103 FIG. 14 is a schematic diagram illustrating a top 
view of one embodiment of a test pad formed on a wafer; 
0.104 FIGS. 15-18 and 18a are schematic diagrams illus 
trating a cross-sectional view of different embodiments of a 
test pad that can be formed on a wafer; 
0105 FIG. 18b is a schematic diagram illustrating a top 
view of the test pad of FIG. 18a; 
0106 FIGS. 19-20 are schematic diagrams illustrating a 
cross-sectional view of charge distribution in different test 
Structures; 

0.107 FIG. 21 is a schematic diagram illustrating a top 
view of one embodiment of a test pad that can be used to 
assess plasma damage of a wafer; 
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0108 FIG. 22 is a schematic diagram illustrating a top 
view of one embodiment of an arrangement of in-die Surface 
Voltage measurements that may be performed for charge 
damage monitoring and yield improvement; 

0109 FIGS. 23-24 are schematic diagrams illustrating a 
cross-sectional view of additional embodiments of a test 
structure that can be used to assess plasma damage of a 
wafer; 

0110 FIGS. 25-26 are schematic diagrams, each illus 
trating cross-sectional and top views of an embodiment of a 
test structure that can be used to assess plasma damage of a 
wafer; 

0111 FIG. 27 is a schematic diagram illustrating a cross 
sectional view of another embodiment of a test structure that 
can be used to assess plasma damage of a wafer; 
0112 FIGS. 28-30 are schematic diagrams illustrating a 
top view of various embodiments of a test structure that can 
be used to assess plasma damage of a wafer, 
0113 FIG. 30a is a schematic diagram illustrating a 
cross-sectional view of another embodiment of a test struc 
ture that can be used to assess plasma damage of a wafer; 
0114 FIGS. 30b-30c are schematic diagrams, each illus 
trating cross-sectional and top views of an embodiment of a 
test structure that can be used to assess plasma damage of a 
wafer; 

0115 FIG. 31 is a schematic diagram illustrating a cross 
sectional view of another embodiment of a test structure that 
can be used to assess plasma damage of a wafer; 
0116 FIGS. 31a-31b are schematic diagrams, each illus 
trating cross-sectional and top views of an embodiment of a 
test structure that can be used to assess plasma damage of a 
wafer; 

0117 FIG. 32 is a schematic diagram illustrating a cross 
sectional view of a further embodiment of a test structure 
that can be used to assess plasma damage of a wafer, 
0118 FIG. 33 is a schematic diagram illustrating a top 
view of an additional embodiment of a test structure that can 
be used to assess plasma damage of a wafer, 
0119 FIG. 34 is a schematic diagram illustrating a cross 
sectional view of another embodiment of a test structure that 
can be used to assess plasma damage of a wafer; 
0120 FIGS. 35-36 are schematic diagrams illustrating a 
top view of additional embodiments of a test structure that 
can be used to assess plasma damage of a wafer; 
0121 FIG. 36a is a schematic diagram illustrating a 
cross-sectional view of another embodiment of a test struc 
ture that can be used to assess plasma damage of a wafer; 

0122 FIG. 36b is a top view of the test structure of FIG. 
36a, 

0123 FIG. 36c is a schematic diagram illustrating a 
cross-sectional view of an additional embodiment of a test 
structure that can be used to assess plasma damage of a 
wafer; 

0.124 FIG. 36d is a top view of the test structure of FIG. 
36c. 
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0.125 FIG. 37 is a schematic diagram illustrating cross 
sectional and top views of a different embodiment of a test 
structure that can be used to assess plasma damage of a 
wafer; 
0.126 FIG. 38 is a schematic diagram illustrating a side 
view of one embodiment of a system that is configured to 
measure one or more electrical properties of a wafer; 
0.127 FIGS. 39-40 are schematic diagrams illustrating a 
cross-sectional view of different embodiments of a system 
that is configured to control deposition of a charge on a 
wafer for measuring one or more electrical properties of the 
wafer; 
0.128 FIGS. 41-43 are schematic diagrams illustrating a 
perspective view of different embodiments of a corona 
Source that is configured to deposit a charge on a wafer, 
0.129 FIG. 44 is a schematic diagram illustrating a side 
view of one embodiment of a mixing chamber that can be 
coupled to an inlet of a corona Source; 
0.130 FIGS. 45-46 are schematic diagrams illustrating a 
cross-sectional view of various embodiments of a system 
that is configured to control deposition of a charge on a 
wafer for measurement of one or more electrical properties 
of the wafer; 
0131 FIG. 47 includes a number of plots illustrating how 
lateral diffusion of a charge deposited on a wafer varies 
depending on one or more conditions within a corona 
Source: 

0.132 FIG. 48 is a schematic diagram illustrating a cross 
sectional view of another embodiment of a system that is 
configured to control deposition of a charge on a wafer for 
measurement of one or more electrical properties of the 
wafer; 
0.133 FIG. 49 is a schematic diagram illustrating a top 
view of one embodiment of multiple probes that are con 
figured to measure one or more electrical properties of a 
wafer after a charge is deposited on the wafer; and 
0.134 FIGS. 50-51 are schematic diagrams illustrating a 
cross-sectional view of additional embodiments of a system 
that is configured to control deposition of a charge on a 
wafer for measurement of one or more electrical properties 
of the wafer. 

0.135 While the invention is susceptible to various modi 
fications and alternative forms, specific embodiments 
thereof are shown by way of example in the drawings and 
may herein be described in detail. The drawings may not be 
to scale. It should be understood, however, that the drawings 
and detailed description thereto are not intended to limit the 
invention to the particular form disclosed, but on the con 
trary, the intention is to cover all modifications, equivalents 
and alternatives falling within the spirit and scope of the 
present invention as defined by the appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.136. As used herein, the term “wafer generally refers to 
Substrates formed of a semiconductor or non-semiconductor 
material. Examples of Such a semiconductor or non-semi 
conductor material include, but are not limited to, monoc 
rystalline silicon, gallium arsenide, and indium phosphide. 



US 2007/01 09003 A1 

Such substrates may be commonly found and/or processed 
in semiconductor fabrication facilities. 

0137. One or more layers may be formed upon a wafer. 
For example, Such layers may include, but are not limited to, 
a resist, a dielectric material, and a conductive material. 
Many different types of such layers are known in the art, and 
the term wafer as used herein is intended to encompass a 
wafer on which all types of such layers may be formed. One 
or more layers formed on a wafer may be patterned. For 
example, a wafer may include a plurality of dies, each 
having repeatable patterned features. Formation and pro 
cessing of Such layers of material may ultimately result in 
completed semiconductor devices. As such, a wafer may 
include a substrate on which not all layers of a complete 
semiconductor device have been formed or a substrate on 
which all layers of a complete semiconductor device have 
been formed. 

0138. The wafer may further include at least a portion of 
an integrated circuit, a thin-film head die, a micro-electro 
mechanical system (MEMS) device, flat panel displays, 
magnetic heads, magnetic and optical storage media, other 
components that may include photonics and optoelectronic 
devices such as lasers, waveguides and other passive com 
ponents processed on wafers, print heads, and bio-chip 
devices processed on wafers. 
0139 Turning now to the drawings, it is noted that the 
figures are not drawn to Scale. In particular, the scale of some 
of the elements of the figures is greatly exaggerated to 
emphasize characteristics of the elements. It is also noted 
that the figures are not drawn to the same scale. Elements 
shown in more than one figure that may be similarly 
configured have been indicated using the same reference 
numerals. 

0140 FIG. 1 illustrates one example of a wafer after 
different processes have been performed on the wafer and 
different embodiments of a test pad that can be formed on 
the wafer. Wafer 10, in this example, is formed of a silicon 
(Si) substrate. Wafer 10 includes device region 12 and test 
region 14. When semiconductor devices Such as integrated 
circuits are being formed on the wafer, a front end of line 
(FEOL) process is performed on wafer 10 to form one or 
more device structures. For instance, as shown in FIG. 1, the 
FEOL process involves forming junction regions 16, trench 
18, and gate dielectric 20 in the device region on the wafer. 
Prior to the FEOL process, the wafer may be processed to 
form doped regions 22 in the wafer. In addition, doped 
region 24 may be formed in epitaxial (Epi) layer 26 in the 
device region. The junction regions, the trench, the gate 
dielectric, and the doped regions may be formed using any 
appropriate processes known in the art. 

0141. In this manner, wafer 10 includes a patterned 
wafer, which may also be a product wafer. As shown in test 
region 14, not all of the device structures are formed in the 
test region. For instance, after the FEOL process, the test 
region includes Epi layer 26 and gate dielectric layer 20. In 
one embodiment, the test region may be located in a scribe 
line on the patterned wafer. 
0142 Measurements of one or more electrical properties 
may be performed in test region 14 after the FEOL process. 
The measurements may be performed as described further 
herein. In general, the measurements may involve depositing 
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a charge on an upper Surface of the wafer and measuring a 
Voltage at the site on which the charge was deposited. The 
wafer may be grounded during the measurements as 
described further herein. The voltage measurement, in some 
embodiments, is an out-of-plane measurement such that one 
or more out-of-plane electrical properties such as capaci 
tance of the test structure can be measured. In other words, 
in Such measurements, the Voltage is measured from the 
upper surface of gate dielectric layer 20 to wafer 10. In this 
manner, Epi layer 26 will have an effect on the voltage 
measurements performed on gate dielectric layer 20. How 
ever, the Voltage measurements may be easily corrected for 
Such effects using either experimentally determined proper 
ties of the Epi layer (e.g., by measuring one or more 
properties of the Epilayer prior to forming the gate dielectric 
layer) or known properties of the Epi layer. 
0.143 Correcting the voltage measurements for later 
stages of the wafer processing, however, is not nearly so 
straightforward. For example, as shown in FIG. 1, after a 
back end of line (BEOL) process for the metal 1 (M1) layer, 
which in this example is a single damascene process for 
forming copper interconnect 27 on the wafer, test region 14 
includes the structures described above (e.g., the Epi layer 
and the gate dielectric layer) as well as additional structures 
formed in the M1 process. In particular, these additional 
structures include intermetal dielectric (IMD) structure 28, 
which in this case includes 8000 kA of borophosphosilicate 
glass (BPSG), etch stop layer 30, and IMD structure 32, 
which in this case includes a low-k dielectric material. The 
etch stop layer may be formed of any suitable material such 
as a dielectric material that will not be substantially etched 
by the etching process used to form vias in IMD structure 32. 
The M1 BEOL process may include any appropriate pro 
cesses known in the art. 

0144) When the measurements described above are per 
formed in test region 14 after the M1 process, the voltage 
measurements will be affected by all of the structures formed 
in the test region. In this manner, as the semiconductor 
fabrication process proceeds, the Voltage measurements may 
become increasingly inaccurate or the number of corrections 
that must be made to ensure accuracy may be prohibitive. As 
Such, it would be desirable to perform measurements on a 
test pad that can be formed on the wafer relatively easily 
while increasing the accuracy of the Voltage measurements. 
0145 One such test pad is shown formed on wafer 10 
after the first BEOL process. In particular, as shown in FIG. 
1, test pad 34 is formed on wafer 10 in test region 14. Test 
pad 34 includes a test structure that is configured Such that 
one or more electrical properties of the test structure can be 
measured. The electrical properties may be measured as 
described herein. In this case, the test structure includes the 
portion of IMD structure 32 located above conductive layer 
36, which also forms part of the test pad. In particular, 
conductive layer 36 is formed between IMD structure 32 and 
wafer 10. Conductive layer 36 prevents structures located 
under the test structure between conductive layer 36 and 
wafer 10 from affecting the one or more electrical properties 
of the test structure during measurement. In particular, 
Voltage measurements performed on the test structure will 
not be affected by voltage 37 across a portion of the test 
region from wafer 10 to conductive layer 36. Therefore, in 
one embodiment, the test structure includes an IMD struc 
ture. In one such embodiment, the one or more electrical 
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properties of the test structure that can be measured include 
an in-plane dielectric constant of the IMD structure. In 
another Such embodiment, the one or more electrical prop 
erties include an out-of-plane dielectric constant of the IMD 
structure. The in-plane and out-of-plane dielectric constants 
of the IMD structure may be measured as described herein. 
0146 The conductive layer may be formed relatively 
easily. For example, before IMD structure 32 is formed, a 
layer of a conductive material may be formed on the surface 
of IMD structure 28 and patterned to form an appropriately 
sized conductive layer for the test pad. The conductive layer 
may be formed on IMD structure 28 and patterned using any 
appropriate processes known in the art. The conductive layer 
of the test pad preferably has an area that is larger than an 
area of IMD structure 32 that will be measured. In other 
words, the area of the conductive layer may be larger than 
an area of the IMD structure that will be measured by a 
metrology system. For example, systems configured to per 
form non-contacting electrical measurement techniques 
include the QuantoX Systems that are commercially available 
from KLA-Tencor Corporation, San Jose, Calif. Some such 
systems may have a resolution of about 5um. Therefore, the 
area of the conductive layer may be at least about 5 
umxabout 5 um. In this manner, the conductive layer may 
have an area that is larger than an area of the test structure. 
Conductive layer 36 may include any appropriate conduc 
tive or semiconductive material known in the art. 

0147 In one embodiment, the conductive layer is elec 
trically connected to the wafer by one or more conductive 
structures formed between the conductive layer and the 
wafer. For example, as further shown in FIG. 1, the test pad 
may include interconnect 38 that electrically connects con 
ductive layer 36 to wafer 10. In this manner, the conductive 
layer may be maintained at Substantially the same Voltage as 
the wafer. In other words, if the wafer is grounded, then the 
conductive layer will also be grounded. As such, the Voltage 
of the conductive layer during the measurements can be 
known, and the known Voltage of the conductive layer can 
be used with the measured voltage to determine the one or 
more electrical properties of the IMD structure. 

0148 Interconnect 38 may be formed using any suitable 
processes known in the art. For example, prior to forming 
conductive layer 36, a patterned layer of photoresist and 
possibly other patterned layers may be formed on IMD 
structure 28. The patterned layer(s) may be used as a mask 
for an etching process Such that portions of the wafer 
covered by the patterned layer will not be etched. Therefore, 
the area in which interconnect 38 is to be formed may be 
exposed during the etch process such that an opening may be 
formed through the structures in this area. The patterned 
layer may be removed after etching, and a layer of a 
conductive material may be formed on the wafer and in the 
opening thereby forming interconnect 38. Any conductive 
material remaining on the surface of IMD structure 28 may 
be removed, for example, by a chemical-mechanical polish 
ing (CMP) process. Interconnect 38 may be formed of any 
Suitable conductive or semiconductive material known in the 
art. 

0149 Similar test pads can also be formed on the wafer 
for measurement of electrical properties of additional struc 
tures formed in later processes. For example, as shown in 
FIG. 1, after the metal 2 (M2) process, additional structures 
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will be formed in the device region on the wafer. In 
particular, the M2 process may involve forming via/inter 
connect structures 40 in the device region. The via/intercon 
nect structures may be formed in a dual damascene process, 
and the via/interconnect structures may be formed of a 
conductive material Such as copper. The via/interconnect 
structures are electrically isolated from one another by IMD 
structures 42 and 44. IMD structures 42 and 44 may include 
low-k dielectric materials. IMD structures 42 and 44 may be 
formed of the same low-k dielectric material. The M2 
process may include any Suitable processes known in the art. 
0150. The structures that are formed in the test region on 
the wafer during the M2 process may include etch stop layer 
46, IMD structure 42, etch stop layer 48, IMD structure 44, 
and etch stop layer 50. The etch stop layers may include 
materials such as those described above for etch stop layer 
30. Measurements performed after the M2 process may 
include measuring one or more electrical properties of the 
structures formed in the M2 process. In this manner, the M2 
process may be monitored and controlled based on one or 
more electrical properties of the structures that were formed 
in this process. Accordingly, it would be advantageous if one 
or more electrical properties of IMD structures 42 and 44 
could be measured independently of other structures previ 
ously formed on the wafer (e.g., structures formed in the 
FEOL and M1 processes). 
0151 Test pad 52 enables such measurements of the IMD 
structures formed during the M2 process. In particular, test 
pad 52 may have a configuration similar to that of test pad 
34 except that the conductive layer of test pad 52 is located 
above the structures formed prior to the M2 process. For 
instance, as shown in FIG. 1, test pad 52 includes conductive 
layer 54 formed on the surface of IMD structure 32. Con 
ductive layer 54 may be configured as described above. In 
this instance, the test structure of the test pad includes 
portions of IMD structure 42, etch stop layer 48, IMD 
structure 44, and etch stop layer 50 located above conductive 
layer 54. As described above, the conductive layer prevents 
structures located under the test structure between conduc 
tive layer 54 and wafer 10 from affecting the one or more 
electrical properties of the test structure during measure 
ment. In particular, voltage 56 will not affect the voltage 
measurements that are used to determine the one or more 
electrical properties of the test structure. In addition, test pad 
52 may include interconnect 58 that couples conductive 
layer 54 to wafer 10. In this manner, the reference voltage 
for the measurements (e.g., the Voltage of the conductive 
layer) will be substantially the same as the voltage applied 
to the wafer Substrate during measurements (e.g., ground). 
Conductive layer 54 and interconnect 58 may be formed as 
described above. As shown in FIG. 1, test pad 34 may not 
be located under test pad 52. For instance, the test pads for 
different processes may be formed in different areas in the 
scribe line on the wafer. 

0152. As further shown in FIG. 1, after the metal 3 (M3) 
process, a number of additional structures may be formed in 
the device and test regions on the wafer. These structures 
may include, for example, IMD structure 60, etch stop layer 
62, IMD structure 64, and etch stop layer 66. These struc 
tures and layers may be formed of the materials described 
above. In addition, the structures and layers may be used for 
a dual damascene process that may be used to form via/ 
interconnect structures (not shown) in the device region of 
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the wafer. The via/interconnect structures may be configured 
as described above. The via/interconnect structures will not 
be formed in the test region on the wafer particularly if the 
test region is located in a scribe line on the wafer. 

0153. After the M3 process, it may be desirable to 
measure one or more electrical properties of only the struc 
tures that were formed in this process. However, as 
described above, all layers disposed between the structures 
formed in the M3 process and the wafer will affect the 
Voltage measurements performed on these structures. In this 
manner, the test pads described herein may be particularly 
Suitable for measurement of one or more electrical proper 
ties of structures formed during BEOL processes. 

0154) In particular, as shown in FIG. 1, test pad 68 
includes conductive layer 70 formed under IMD structure 
60. In this manner, the test structure of the test pad includes 
the portions of IMD structure 60, etch stop layer 62, IMD 
structure 64, and etch stop layer 66 formed above conductive 
layer 70. Therefore, the conductive layer is formed between 
the test structure and wafer 10. As such, the conductive layer 
prevents structures located under the test structure between 
the conductive layer and the wafer (e.g., structures formed 
during the FEOL process, M1 BEOL process, and M2 BEOL 
process) from affecting the one or more electrical properties 
of the test structure during measurement. In particular, 
voltage 72 will not affect the voltage measurements that are 
used to determine the one or more electrical properties of the 
test structure. In addition, test pad 68 may include intercon 
nect 74 that couples conductive layer 70 to wafer 10. In this 
manner, the reference Voltage for the measurements (e.g., 
the voltage of the conductive layer) will be substantially the 
same as the Voltage applied to the wafer during measure 
ments (e.g., ground). Conductive layer 70 and interconnect 
74 may be formed as described above. As shown in FIG. 1, 
test pads 34 and 52 may not be located under test pad 68. For 
instance, the test pads for different processes may be formed 
in different areas in the scribe line on the wafer. 

0155 Although the above described test pads are config 
ured for measurement of structures formed by BEOL pro 
cesses, it is to be understood that a similar test pad may be 
used for a FEOL process. For example, therefore, the test 
structure is formed by a FEOL process. In this manner, the 
test structure may include a gate structure such as a portion 
of a gate dielectric layer located above a conductive layer. 
The conductive layer of a test pad configured for use in a 
method for measuring one or more properties of a gate 
structure may be configured as described above. 

0156. In addition, as described above, each of the test 
pads may be formed in a different area of the test region. In 
this manner, the test pads will not overlap. However, in other 
embodiments, the test structure that is measured may be 
formed above additional test structures. In particular, since 
the conductive layer of the test pad will prevent structures 
underlying the conductive layer from affecting the measured 
properties of the test structure, the test pads for different 
processes may be arranged in a stack of test pads. Such a 
configuration may be advantageous when the space avail 
able on the wafer for test pads is relatively limited or when 
it is desirable to include test pads in a device region of the 
wafer, for example, to increase accuracy of the measure 
ments or to provide measurements at different positions on 
the wafer. The measurements may be performed at different 
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positions on the wafer to provide measurements of within 
wafer variation of one or more electrical properties of a test 
Structure. 

0157 The test pads described herein are also advanta 
geous in that the test structures of the test pads are formed 
in the same processes as the corresponding device structures 
on the wafer. In one example, IMD structure 32 is formed in 
the device region and the test region on the wafer during the 
same process. In this manner, the portion of IMD structure 
32 above conductive layer 36 that forms the test structure 
will have Substantially the same characteristics such as 
composition and electrical thickness as IMD structure 32 
located in the device region. As such, the test pads described 
herein provide Substantially accurate measurements of the 
electrical properties of the device structures formed on the 
wafer. In particular, the test pads described herein provide 
measurements of the electrical properties of the device 
structures that will be much more accurate than measure 
ments performed on monitor wafers since the structures 
formed on monitor wafers are formed during different 
processes than those used to form the device structures on a 
patterned or product wafer. 

0158. One or more electrical properties of the test struc 
tures described herein may be measured using a non-contact 
measurement technique including any of those described 
herein. Using a non-contact measurement technique has 
obvious advantages over those techniques that involve con 
tacting the structure under test with a probe. However, one 
or more electrical properties of the test structures described 
herein may also be measured using a contact measurement 
technique. The contact measurement technique may include 
MOS cap CV and may use a probe such as a mercury (Hg) 
probe or any other conductive probe known in the art. In 
Some embodiments, measuring the one or more electrical 
properties includes measuring an out-of-plane Voltage of the 
test structure. Out-of-plane Voltage measurements using the 
test pads described herein will improve the accuracy of both 
non-contact and contact measurement techniques since as 
described further above, the out-of-plane voltage that is 
measured is only the voltage from the top of the test 
structure to the conductive layer of the test pads. 

0159. Another embodiment relates to a test pad formed 
on a wafer that includes a gate structure formed on the wafer. 
One or more electrical properties of the gate structure can be 
measured for FEOL gate in-line monitoring. One embodi 
ment of such a test pad is shown in FIG. 2. In this 
embodiment, the gate structure includes polysilicon layer 76 
formed on the wafer (e.g., Si substrate 78). In another 
embodiment, the gate structure includes a polysilicon layer 
formed on a gate dielectric layer. For example, the test pad 
may include gate dielectric layer 80 formed between the 
polysilicon layer and the Si substrate. In one embodiment, 
the test pad has an area that is about 60 umxabout 60 lum. In 
addition, the test pad may include the polysilicon layer 
shown in FIG. 2 or a polysilicon structure (not shown in 
FIG. 2) formed by a patterning process (e.g., lithography and 
etch). In this manner, in Some embodiments, the gate struc 
ture may include an isolated polysilicon structure. 

0.160 The measurements that can be performed on the 
test pad shown in FIG. 2 include any of the measurements 
described further herein. For example, in one embodiment, 
the one or more electrical properties can be measured by 
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measuring capacitance-Voltage (C-V) characteristics of the 
gate structure. The C-V characteristics of the gate structure 
may be measured as described further herein. In addition, 
WAT Semiconductor Data Analysis Software, which is com 
mercially available from Galaxy Semiconductor Solutions, 
Galway, Ireland, may be used to create a patterned test site 
for the C-V characteristics that are measured. Alternatively, 
any other site may be used for measurements of the C-V 
characteristics. Measurements of the test pad shown in FIG. 
2 may also be used as a correlation to C-V characteristics of 
the test pad. The measurements that are performed on the 
test pad shown in FIG. 2 may also be used to determine 
equivalent oxide thickness (EOT) and leakage characteris 
tics of gate dielectric layer 80. In this manner, in one 
embodiment, the gate structure includes a polysilicon layer 
formed on a gate dielectric layer, and the one or more 
electrical properties include an EOT of the gate dielectric 
layer. In another embodiment, the gate structure includes a 
polysilicon layer formed on a gate dielectric layer, and the 
one or more electrical properties include a leakage charac 
teristic of the gate dielectric layer. The test pad shown in 
FIG. 2 may also be used for applications such as gate in-line 
device parameter monitoring. The test pad shown in FIG. 2 
may be further configured as described herein. 
0161 Although the test pads are described above for use 
in out-of-plane Voltage measurements, it is to be understood 
that the test pads may be configured for any other electrical 
measurements that may be of interest. For instance, in one 
embodiment, the one or more electrical properties include 
one or more in-plane electrical properties of the gate struc 
ture. In one such example, the test structures described 
above may include a portion of a transistor, and the one or 
more electrical properties that are measured may include 
in-plane electrical properties of the gate structure of the 
transistor Such as the Voltage required to open the gate as 
well as any other electrical properties of interest. Each of the 
test pads described above may be further configured as 
described herein. 

0162. Additional embodiments of a test pad that can be 
used for FEOL gate in-line monitoring are described further 
herein. In general, the test pad includes a gate structure 
formed on a conductive layer such as Si. The area of the test 
pad may be, for example, about 60 Lumixabout 60 um. In 
addition, the test pad may be formed in a scribe line of a 
wafer. The test pad may also include a gate structure that 
includes a polysilicon layer and/or polysilicon patterned 
structures formed on a conductive layer such as Si. The 
measurements that may be performed on Such test pads 
include, but are not limited to, EOT and leakage. 
0163 An additional embodiment of a test pad formed on 
a wafer that includes a gate structure is shown in FIG. 3. One 
or more electrical properties of the gate structure can be 
measured for FEOL gate in-line monitoring. In one embodi 
ment, the gate in-line monitoring includes gate quality 
monitoring. Therefore, FIG. 3 illustrates one embodiment of 
a test pad that can be formed on a wafer and that can be used 
for measurements of gate quality for monitoring purposes. 
As shown in FIG. 3, this test pad includes gate structure 80 
configured Such that one or more electrical properties of the 
gate structure can be measured. In one embodiment, gate 
structure 80 includes P-well 82 formed in conductive layer 
84, which is formed on wafer 86 such as a p-type Si 
substrate, gate dielectric 88 formed on conductive layer 84, 
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polysilicon gate electrode 90 formed on gate dielectric 88, 
and insulating side walls or “spacers'82 formed on both 
lateral sides of polysilicon gate electrode 90. The P-well, 
conductive layer, gate dielectric, gate electrode, and spacers 
may be formed using any Suitable processes known in the 
art. In addition, the P-well, conductive layer, gate dielectric, 
gate electrode, and spacers may be formed of any Suitable 
materials known in the art. 

0164. In one embodiment, the gate structure has one or 
more characteristics that are substantially the same as one or 
more characteristics of a device structure (not shown) 
formed on wafer 86. For example, the gate structure of the 
test pad may be formed in the same processes as the device 
structures (i.e., on the same wafer). In this manner, the gate 
structure and the device structures may have substantially 
the same characteristics such as compositions and lateral 
dimensions. The wafer may be further configured as 
described herein. 

0.165. The test pad shown in FIG. 3 may be further 
configured as described herein. In one embodiment, more 
than one of the test pads configured as shown in FIG. 3 are 
formed on the wafer. Each of the test pads may be formed 
in a test region of the wafer Such as a scribe line on a 
patterned wafer. In addition, more than one of the test pads 
configured as shown in FIG.3 may be formed on the wafer 
in an arrangement on the wafer such that across wafer 
variations in the one or more electrical properties of the gate 
structure can be measured. 

0166 The one or more electrical properties of the gate 
structure can be measured using a non-contact measurement 
technique as described further herein. In addition, or alter 
natively, the one or more electrical properties of the gate 
structure can be measured using a contact measurement 
technique as described further herein. In one embodiment, 
the one or more electrical properties of the gate structure 
shown in FIG. 3 that can be measured include, but are not 
limited to, EOT, leakage (J) index, Surface voltage (V), Dit 
(Interface trap density), and threshold Voltage (V). In some 
embodiments, the gate in-line monitoring for which the one 
or more electrical properties can be measured includes, but 
is not limited to, gate dielectric process control, polysilicon 
plasma etch damage monitoring, pre-spacer ion implantation 
damage monitoring, spacer deposition and etch process 
monitoring, source and drain ion implantation damage 
monitoring, salicide sinter Strip anneal monitoring, and 
contact dielectric deposition and CMP charging monitoring. 
0.167 Another embodiment of a test pad that can be 
formed on a wafer and that can be used for measurements of 
gate quality for monitoring purposes is shown in FIG. 4. As 
shown in FIG. 4, this test pad includes gate structure 94 
configured Such that one or more electrical properties of the 
gate structure can be measured. In one embodiment, gate 
structure 94 includes N-well 96 formed in conductive layer 
98, which is formed on wafer 100 such as a p-type Si 
substrate, gate dielectric 102 formed on conductive layer 98, 
polysilicon gate electrode 104 formed on gate dielectric 102. 
and spacers 106 formed on both lateral sides of polysilicon 
gate electrode 104. The N-well, conductive layer, gate 
dielectric, gate electrode, and spacers may be formed using 
any Suitable processes known in the art. In addition, the 
N-Well, conductive layer, gate dielectric, gate electrode, and 
spacers may be formed of any Suitable materials known in 
the art. 
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0168 The gate structure may have one or more charac 
teristics that are Substantially the same as one or more 
characteristics of a device structure (not shown) formed on 
wafer 100. For example, the gate structure of the test pad 
may be formed in the same processes as the device structures 
(i.e., on the same wafer). In this manner, the gate structure 
and the device structures may have substantially the same 
characteristics such as compositions and lateral dimensions. 
The wafer may be further configured as described herein. 

0169. The test pad shown in FIG. 4 may be further 
configured as described herein. In addition, more than one 
test pad configured as shown in FIG. 4 may be formed on the 
wafer. Furthermore, the test pads shown in FIGS. 3 and 4 
may both beformed on the same wafer. Each of the test pads 
may be formed in a test region of the wafer Such as a scribe 
line on a patterned wafer. In addition, the arrangement of the 
test pads on the wafer may be selected such that across wafer 
variations in the one or more electrical properties of the gate 
structure can be measured. The measurements that may be 
performed on the gate structure shown in FIG. 4 include the 
measurements that can be performed on the gate structure 
shown in FIG. 3, which are described further above. In 
addition, the test pad shown in FIG. 4 can be used in the 
same applications as the test pad shown in FIG. 3, which are 
described above. 

0170. One embodiment of a test pad that can be formed 
on a wafer and used for measurements of one or more 
electrical properties (e.g., one or more in-plane electrical 
properties) is shown in FIG. 5. As shown in FIG. 5, this test 
pad includes gate structure 108 configured such that one or 
more electrical properties of the gate structure can be 
measured. The one or more electrical properties of the gate 
structure that can be measured include V. In this manner, the 
test pad shown in FIG. 5 can be used for V, monitoring and 
control. In addition, or alternatively, the one or more elec 
trical properties of the gate structure may include any other 
electrical property or properties described herein. 

0171 In one embodiment, gate structure 108 includes 
conductive layer 110 formed on wafer 112, which may be a 
p-type Si substrate. Gate structure 108 also includes gate 
dielectric 114 formed on conductive layer 110. Gate elec 
trode 116 is formed on gate dielectric 114 and may be 
formed of a material such as N+ polysilicon. Spacers 118 are 
formed on both lateral sides of gate electrode 116. In 
addition, gate structure 108 includes source? drain junctions 
120. Source/drain junctions 120 may be formed by implant 
ing ions such as boron ions into the conductive layer after 
spacers 118 have been formed on the gate electrode. In some 
embodiments, the gate structure may also include a P-well 
(not shown in FIG. 5) formed in conductive layer 110. The 
P-well may be formed in the conductive layer as shown in 
FIG. 3. Each individual structure of the gate structure may 
be formed using any suitable process(es) known in the art. 
In addition, each individual structure of the gate structure 
may be formed of any suitable material(s) known in the art. 
0172 The gate structure shown in FIG. 5 may have one 
or more characteristics that are substantially the same as one 
or more characteristics of a device structure (not shown) 
formed on wafer 112. For example, the gate structure of the 
test pad may be formed in the same processes as the device 
structures. In this manner, the gate structure and the device 
structures may have Substantially the same characteristics 
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Such as compositions and lateral dimensions. The wafer may 
be further configured as described herein. 
0173 The test pad shown in FIG. 5 may be formed in a 
scribe line on the wafer. In addition, more than one test pad 
configured as shown in FIG. 5 may be formed on the wafer 
(e.g., in the scribe line on the wafer). The size of each test 
pad may be about 60 umxabout 60 um. V of the gate 
structure shown in FIG. 5 may be measured as described 
further herein. 

0.174 Another embodiment of a test pad that can be 
formed on a wafer and used for measurements of one or 
more electrical properties (e.g., one or more in-plane elec 
trical properties) is shown in FIG. 6. As shown in FIG. 6, this 
test pad includes gate structure 122 configured Such that one 
or more electrical properties of the gate structure can be 
measured. The one or more electrical properties of the gate 
structure that can be measured include V. In this manner, the 
test pad shown in FIG. 6 can be used for V, monitoring and 
control. In addition, or alternatively, the one or more elec 
trical properties of the gate structure may include any other 
electrical property or properties described herein. 
0.175. In one embodiment, gate structure 122 includes 
conductive layer 124 formed on wafer 126, which may be a 
p-type Si Substrate. Gate structure 122 also includes gate 
dielectric 128 formed on conductive layer 124. Gate elec 
trode 130 is formed on gate dielectric 128 and may be 
formed of a material such as P+ polysilicon. Spacers 132 are 
formed on both lateral sides of gate electrode 130. In 
addition, gate structure 122 includes source/drain junctions 
134. Source/drain junctions 134 may be formed as described 
above. In some embodiments, the gate structure may also 
include an N-well (not shown in FIG. 6) formed in conduc 
tive layer 124. The N-well may be formed in the conductive 
layer as shown in FIG. 4. Each individual structure of the 
gate structure may be formed using any Suitable process(es) 
known in the art. In addition, each individual structure of the 
gate structure may be formed of any suitable material(s) 
known in the art. 

0176) The gate structure shown in FIG. 6 may have one 
or more characteristics that are Substantially the same as one 
or more characteristics of a device structure (not shown) 
formed on wafer 126. For example, the gate structure of the 
test pad may be formed in the same processes as the device 
structures. In this manner, the gate structure and the device 
structures may have substantially the same characteristics 
Such as compositions and lateral dimensions. The wafer may 
be further configured as described herein. 
0177. The test pad shown in FIG. 6 may be formed in a 
scribe line on the wafer. The area of the test pad may be 
about 60 umxabout 60 um. In addition, more than one test 
pad configured as shown in FIG. 6 may be formed on the 
wafer (e.g., in the scribe line on the wafer). Furthermore, the 
test pads shown in FIGS. 5 and 6 may both be formed on the 
same wafer. Each of the test pads may be formed in a test 
region of the wafer Such as a scribe line on a patterned wafer. 
In addition, the arrangement of the test pads on the wafer 
may be selected Such that across wafer variations in the one 
or more electrical properties of the gate structure can be 
measured. V of the gate structure shown in FIG. 6 may be 
measured as described further herein. 

0.178 An additional embodiment of a test pad that can be 
formed on a wafer and that can be used for measurements of 
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one or more electrical properties (e.g., one or more in-plane 
electrical properties) is shown in FIG. 7. As shown in FIG. 
7, this test pad includes gate structure 136 configured such 
that one or more electrical properties of the gate structure 
can be measured. In one embodiment, gate structure 136 
includes source 138, gate electrode 140, and drain 142. In 
another embodiment, therefore, the gate structure includes a 
Source, a gate electrode, a drain, and a gate dielectric. For 
example, the gate structure may include gate dielectric 144 
located under the gate electrode. The source, gate electrode, 
drain, and gate dielectric may be formed using any Suitable 
processes known in the art. In addition, the source, gate 
electrode, drain, and gate dielectric may be formed of any 
suitable materials known in the art. 

0179 The gate structure may have one or more charac 
teristics that are Substantially the same as one or more 
characteristics of a device structure (not shown) formed on 
wafer 148. For example, the gate structure of the test pad 
may be formed in the same processes as the device struc 
tures. In this manner, the gate structure and the device 
structures may have Substantially the same characteristics 
Such as compositions and lateral dimensions. The wafer may 
be further configured as described herein. 
0180. The test pad also includes isolated insulator pad 
146 formed between the gate structure and wafer 148. The 
isolated insulator pad may have an area that is larger than an 
area of the gate structure. In addition, the isolated insulator 
pad may be formed using any suitable processes known in 
the art. For example, prior to forming the gate structure and 
any device structures that are formed on the same layer on 
the wafer as the gate structure, a layer of insulating material 
may be formed on the wafer using a process such as 
chemical vapor deposition (CVD). A patterned layer of 
material may be formed on the insulating material using a 
process Such as lithography. Portions of the insulating layer 
not underlying the patterned layer may be removed using a 
process Such as etch to form one or more isolated insulator 
pads on the wafer. After the removal of the portions of the 
insulating layer, any patterned layer material remaining on 
the isolated insulator pads may be removed using a process 
Such as stripping. Of course, many different processes may 
be used to form one or more of the isolated insulator pads on 
a wafer, and all Such processes are within the scope of the 
disclosure provided herein. The one or more isolated insu 
lator pads may be formed of any appropriate insulating 
material known in the art. 

0181 Isolated insulator pad 146 prevents structures (not 
shown in FIG. 7) located under the gate structure between 
the isolated insulator pad and the wafer from affecting the 
one or more electrical properties of the gate structure during 
measurement. In addition, the isolated insulator pad may 
prevent the wafer itself from affecting the one or more 
electrical properties of the gate structure during measure 
ment. In one embodiment, neighboring structures are formed 
on a layer of the wafer on which the gate structure is formed. 
The neighboring structures may include, for example, device 
structures and other test structures. For example, the test pad 
may be formed in a test region of the wafer, and neighboring 
structures such as device structures may be formed in a 
device region of the wafer, as shown in FIG. 1. In such an 
embodiment, the isolated insulator pad also prevents the 
neighboring structures from affecting the one or more elec 
trical properties of the gate structure during measurement. 
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0182. The test pad shown in FIG. 7 may be further 
configured as described herein. For example, in one embodi 
ment, the wafer includes a patterned wafer. In one Such 
embodiment, the gate structure and the isolated insulator pad 
are formed in a scribe line of the patterned wafer. In 
addition, more than one test pad configured as shown in FIG. 
7 may be formed on the wafer. Each of the test pads may be 
formed in a test region of the wafer Such as a scribe line on 
a patterned wafer. In another embodiment, more than one of 
the tests pads are formed on the wafer in an arrangement 
Such that across wafer variations in the one or more elec 
trical properties of the gate structure can be measured. For 
example, the arrangement of the test pads on the wafer may 
be selected such that across wafer variations in the one or 
more electrical properties of the gate structure can be 
measured. 

0183) One or more electrical properties of the gate struc 
ture can be measured using a non-contact measurement 
technique as described further herein. In an additional 
embodiment, the one or more electrical properties of the gate 
structure can be measured using a contact measurement 
technique, which may be performed as described further 
herein. In one embodiment in which the one or more 
electrical properties are measured using a non-contact mea 
Surement technique, a charge is deposited on only a portion 
of the gate structure. The one or more electrical properties of 
the gate structure that can be measured may include an 
in-plane electrical property of the gate structure. In another 
embodiment, the one or more electrical properties of the gate 
structure that can be measured include an out-of-plane 
electrical property of the gate structure. In addition, the one 
or more electrical properties of the gate structure that can be 
measured may include V of the gate structure. The one or 
more electrical properties of the gate structure described 
above may be measured as described further herein. 
0.184 Measurement of an in-plane electrical property of 
the gate structure may include depositing a charge on either 
the Source or drain side of the gate structure. For example, 
as shown in FIG. 7, this charge deposition may include a 
positive charge deposited on Source 138 and gate electrode 
140. The charge deposition may alternatively include a 
negative charge. The amount of charge that is deposited on 
the source or drain side of the gate structure may be 
relatively low Such that a measurable Voltage change is not 
caused on the other side of the gate structure by the charge 
deposition. 

0185. After deposition of the charge, another charge is 
deposited on the gate electrode for opening the channel. This 
charge may be opposite to the charge previously deposited 
on the gate structure. For example, as shown in FIG. 7, this 
charge deposition may include a negative charge deposited 
on gate electrode 140. The V on the other, non-charged side 
of the gate structure may be monitored during deposition of 
this charge on the gate electrode. A Voltage change on the 
non-charged side of the gate structure is indicative of the 
opening of the channel. In other words, if the charge/voltage 
on the gate electrode is Sufficient to Switch on the gate (V), 
the system will measure a Voltage increase on the non 
charged side of the gate structure. The Voltage applied to the 
gate structure can be directly correlated to the V. 

0186 The measurements described above may be per 
formed with a system as described further herein, which may 
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be configured to include a probe having a relatively small 
size (e.g., a “Quantox nano-probe') such that the different 
Voltages can be measured at different locations on the gate 
Structure. 

0187 Embodiments of a test pad that can be formed on 
a wafer and used to monitor an interlevel dielectric (ILD) 
process are shown in FIGS. 8-10. The terms ILD and IMD 
are used interchangeably herein. As shown in FIG. 8, test 
pad 150 includes conductive structure 152 and local inter 
connect 154 formed within insulating layer 156. Conductive 
structure 152 and local interconnect 154 are formed on Epi 
layer 158, which is formed on wafer 160. Wafer 160 may be, 
for example, a p---- Si substrate. In addition, P- well 162 
may be formed in Epilayer 158. ILD layer 164 is formed on 
insulating layer 156, conductive structure 152, and local 
interconnect 154. ILD layer 164 may be used to electrically 
isolate vias that will be formed in the ILD layer. The 
conductive structure, local interconnect, insulating layer, 
Epilayer, P- well, and ILD layer may be formed using any 
processes known in the art. In addition, the structures of the 
test pad may be formed of any suitable materials known in 
the art. 

0188 Conductive structure 152 prevents structures 
located under ILD layer 164 between conductive layer 152 
and wafer 160 from affecting the one or more electrical 
properties of ILD layer 164 during measurement. In par 
ticular, voltage measurements performed on ILD layer 164 
will not be affected by the voltage across a portion of the test 
pad from wafer 160 to conductive layer 152. 
0189 Conductive layer 152 preferably has an area that is 
larger than an area of ILD layer 164 that will be measured. 
In other words, the area of the conductive layer may be 
larger than an area of the ILD layer that will be measured by 
a metrology system as described further herein. Conductive 
layer 152 may also be electrically connected to wafer 160 as 
described herein. In this manner, the conductive layer may 
be maintained at Substantially the same Voltage as the wafer. 
In other words, if the wafer is grounded, then the conductive 
layer will also be grounded. As such, the Voltage of the 
conductive layer during the measurements can be known, 
and the known Voltage of the conductive layer can be used 
with the measured voltage to determine the one or more 
electrical properties of the ILD layer. 

0190. As shown in FIG.9, M1 via metal test pad structure 
166 may be formed on conductive layer 152 and local 
interconnect 154. In addition, M1 via metal test pad struc 
ture 166 may be formed within ILD layer 164. As further 
shown in FIG. 9, ILD layer 168 may be formed on M1 via 
metal test pad structure 166 and ILD layer 164. ILD layer 
168 may be used to electrically isolate vias that will be 
formed in the ILD layer. The M1 via metal test pad structure 
and ILD layer 168 may be formed using any processes 
known in the art. In addition, these structures of the test pad 
may be formed of any suitable materials known in the art. 
0191 M1 via metal test pad structure 166 prevents struc 
tures located under ILD layer 168 between structure 166 and 
wafer 160 from affecting the one or more electrical proper 
ties of ILD layer 168 during measurement. In particular, 
voltage measurements performed on ILD layer 168 will not 
be affected by the voltage across a portion of the test pad 
from wafer 160 to structure 166. In this manner, structure 
166 may be configured as a conductive layer of the test pad. 
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0.192 Test pad structure 166 preferably has an area that is 
larger than an area of ILD layer 168 that will be measured. 
In other words, the area of the test pad structure may be 
larger than an area of the ILD layer that will be measured by 
a metrology system as described further herein. Test pad 
structure 166 may also be electrically connected to wafer 
160 as described herein. In this manner, the test pad structure 
may be maintained at Substantially the same Voltage as the 
wafer. In other words, if the wafer is grounded, then the test 
pad structure will also be grounded. As such, the Voltage of 
the test pad structure during the measurements can be 
known, and the known Voltage of the test pad structure can 
be used with the measured voltage to determine the one or 
more electrical properties of the ILD layer. 

0193 As shown in FIG. 10, after measurements of ILD 
layer 168, M2 via and test pad structure 170 may be formed 
on M1 via metal test pad 166. M2 via and test pad structure 
170 is formed within ILD layer 168 and ILD layer 172, 
which is formed on ILD layer 168. ILD layer 174 is formed 
on ILD layer 172 and M2 via and test pad structure 170. ILD 
layer 174 may be used to electrically isolate vias that will be 
formed in the ILD layer. The M2 via and test pad structure 
and ILD layer 174 may be formed using any processes 
known in the art. In addition, these structures of the test pad 
may be formed of any appropriate materials known in the 
art. 

0194 M2 via and test pad structure 170 prevents struc 
tures located under ILD layer 174 between structure 170 and 
wafer 160 from affecting the one or more electrical proper 
ties of ILD layer 174 during measurement. In particular, 
voltage measurements performed on ILD layer 174 will not 
be affected by the voltage across a portion of the test pad 
from wafer 160 to test pad structure 170. In this manner, test 
pad structure 170 may be configured as a conductive layer 
of the test pad. 

0.195 Test pad structure 170 preferably has an area that is 
larger than an area of ILD layer 174 that will be measured. 
In other words, the area of the test pad structure may be 
larger than an area of the ILD layer that will be measured by 
a metrology system as described further herein. Test pad 
structure 170 may also be electrically connected to wafer 
160 as described herein. In this manner, the test pad structure 
may be maintained at Substantially the same Voltage as the 
wafer. In other words, if the wafer is grounded, then the test 
pad structure will also be grounded. As such, the Voltage of 
the test pad structure during the measurements can be 
known, and the known Voltage of the test pad structure can 
be used with the measured voltage to determine the one or 
more electrical properties of the ILD layer. 

0196) The test pads shown in FIGS. 8-10 may be formed 
in a scribe line on a wafer. In addition, as described above, 
the conductive layers/test pad structures that are included in 
the test pads can be electrically connected to the wafer. In 
this manner, the conductive layers/test pad structures are 
constructed Such that each structure can be contacted to 
ground through a via before each ILD layer measurement is 
performed. The one or more electrical properties that may be 
measured for the ILD layers include, but are not limited to, 
out-of-plane dielectric constant k, leakage J. and a V map. 
In one embodiment, therefore, the test structure includes an 
IMD structure, and the one or more electrical properties of 
the test structure that can be measured include leakage of the 
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IMD structure. In another embodiment, the test structure 
includes an IMD structure, and the one or more electrical 
properties include a V map of the IMD structure. These 
measurements may be performed as described further 
herein. The test pads shown in FIGS. 8-10 may be used for 
monitor and control of processes Such as ILD deposition, 
ash/etch processes, ILD CMP, and scrub charging. The test 
pads shown in FIGS. 8-10 may be further configured as 
described herein. 

0.197 FIG. 11 illustrates one example of a device struc 
ture formed on a wafer after a number of ILD processes have 
been performed on the wafer. In particular, FIG. 11 illus 
trates a cross-sectional scanning electron microscope (SEM) 
image of the wafer after the ILD processes have been 
performed. As shown in FIG. 11, the device structure 
includes gate structures 176 formed on wafer 180. Gate 
structures 176 may be formed on the wafer as described 
further above. In addition, source/drain (S/D) regions 178 of 
the gate structures may be formed in wafer 180. Insulating 
layer 182 is formed on gate structures 176 and wafer 180. 
Via 184 is formed in insulating layer 182. Via 184 may be 
formed of a material Such as tungsten (W) or any other 
suitable material known in the art. 

0198 Etch stop layer 186 is formed on insulating layer 
182. Insulating layer 188 is formed on etch stop layer 186. 
Conductive structures 190 are formed in insulating layer 
188. Etch stop layer 192 is formed on insulating layer 188 
and some of conductive structures 190, and ILD layer 194 
is formed on etch stop layer 192. Via 196 is formed in ILD 
layer 194. Via 196 may be formed of any suitable material 
known in the art such as copper. Etch stop layer 198 is 
formed on ILD layer 194. ILD layer 200 is formed on etch 
stop layer 198. Conductive structures 202 are formed in ILD 
layer 200. Nitride seal layer 204 is formed on ILD layer 200. 
ILD layer 206 is formed on nitride seal layer 204, and vias 
208 are formed within ILD layer 206. Vias 208 may be 
formed of any suitable material known in the art Such as 
copper. Etch stop layer 210 is formed on ILD layer 206. ILD 
layer 212 is formed on etch stop layer 210. Conductive 
structures 214 are formed within ILD layer 212. Nitride seal 
layer 216 is formed on ILD layer 212 and conductive 
structures 214. Dielectric layer 218 is formed on nitride seal 
layer 216. Each of the ILD layers shown in FIG. 11 may 
include a dielectric material such as a low-k dielectric 
material or any other suitable dielectric material known in 
the art. In addition, each of the structures of the device 
structure shown in FIG. 11 may be formed of any material 
known in the art and using any process known in the art. 

0199 FIG. 12 illustrates one embodiment of a test pad 
that can be used to monitor an ILD process. This test pad 
may be formed on the same wafer as the device structure 
shown in FIG. 11. In addition, the test pad may be formed 
in a test region Such as a scribe line on a product wafer, and 
the device structure may be formed in a device region of the 
wafer. As shown in FIG. 12, the test pad includes Si substrate 
220. Gate dielectric layer 222 may be formed on Si substrate 
220. In addition, dielectric layer 224 may be formed on gate 
dielectric layer 222. Via 226 is formed in dielectric layer 
224. Via 226 may be formed of a material such as W or any 
other suitable material known in the art. 

0200 Dielectric layer 228 is formed on dielectric layer 
224. Conductive structures 230 are formed within dielectric 

May 17, 2007 

layer 228. ILD layer 232 is formed on dielectric layer 228 
and some of conductive structures 230. Via 234 is formed in 
ILD layer 232. As shown in FIG. 12, via 234 is electrically 
connected to one of conductive structures 230. In addition, 
the conductive structure to which via 234 is electrically 
connected is also electrically connected to via 226. Further 
more, via 226 is electrically connected to Si substrate 220. 

0201 As further shown in FIG. 12, measurement pad 236 
is formed on ILD layer 232 and via 234. In addition, 
measurement pad 236 is formed within ILD layer 238. 
Measurement pad 236 is formed of a conductive material. In 
this manner, measurement pad 236 is electrically connected 
to via 234 and therefore is also electrically connected to Si 
substrate 220. Therefore, during measurement of one or 
more properties of ILD layer 240, which is formed on 
measurement pad 236 and ILD layer 238, measurement pad 
236 can be maintained at substantially the same voltage that 
is applied to the wafer (e.g., ground). 

0202) In this manner, measurement pad 236 provides a 
reference voltage for measurements like those of the test pad 
structures described further above. Therefore, the portion of 
ILD layer 240 formed on measurement pad 236 constitutes 
the test structure of the test pad shown in FIG. 12 and 
measurement pad 236 constitutes the conductive layer of the 
test pad. Measurement pad 236 may be further configured as 
described above with respect to the test pad structures shown 
in FIGS. 8-10 and the conductive layer shown in FIG. 1. 
After measurement of one or more electrical properties of 
ILD layer 240, dielectric layer 242 may be formed on ILD 
layer 240. Alternatively, dielectric layer 242 may be formed 
on ILD layer 240 prior to measurements of ILD layer 240. 
In this manner, one or more electrical properties of both ILD 
layers 240 and 242 may be measured simultaneously. Such 
measurements may be performed as described herein. 

0203) The test pad shown in FIG. 12 may be further 
configured as described herein. For instance, the test pad 
may include more than one measurement pad (not shown in 
FIG. 12), and each measurement pad may be used to provide 
a reference voltage for measurements of different ILD layers 
on the wafer. In addition, the measurements that are per 
formed on the test pad shown in FIG. 12 may include any of 
the measurements described herein. For example, the one or 
more electrical properties of the test structure that are 
measured may include an out-of-plane dielectric constant k, 
leakage J, and a V map. The applications in which the test 
pad shown in FIG. 12 may be used include, but are not 
limited to, ILD deposition monitoring, ash/etch process 
monitoring, ILD CMP and scrub charging monitoring. 

0204 Another embodiment of a test pad that can be used 
to measure one or more electrical properties (e.g., one or 
more in-plane and/or out-of-plane electrical properties) of a 
test structure is shown in FIG. 13. As shown in FIG. 13, the 
test pad includes test structure 244 that is configured Such 
that one or more electrical properties of the test structure can 
be measured. The test pad also includes conductive layer 
246 formed between test structure 244 and a wafer (not 
shown in FIG. 13). The wafer may be further configured as 
described above. The conductive layer prevents structures 
(not shown in FIG. 13) located under the test structure 
between the conductive layer and the wafer from affecting 
the one or more electrical properties of the test structure 
during measurement. 
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0205 Conductive layer 246 may be further configured as 
described above and shown in FIG. 1. For example, con 
ductive layer 246 may include any appropriate conductive or 
semiconductive material known in the art Such as, but not 
limited to, Si or a metal. In this manner, the conductive layer 
may be electrically connected to the wafer during measure 
ments. As such, the reference Voltage for the measurements 
(e.g., the Voltage of the conductive layer) will be substan 
tially the same as the Voltage applied to the wafer during 
measurements (e.g., ground). Therefore, the conductive 
layer may act as a grounding pad. In addition, structures 
located under the test structure between the conductive layer 
and the wafer may be further configured as described herein. 
Alternatively, conductive layer 246 shown in FIG. 13 may 
be a Si Substrate. 

0206 Test structure 244 includes insulating structures 
248. Insulating structures 248 may be formed of any suitable 
insulating material known in the art such as a low-k dielec 
tric material. In some embodiments, the test structure 
includes insulating structures 248 and conductive structures 
250 formed between the insulating structures. Conductive 
structures 250 may be formed of any suitable material 
known in the art such as copper. In one embodiment, the test 
structure includes insulating structures and trenches formed 
between the insulating structures. For example, test structure 
244 may not include conductive structures 250. Instead, the 
test structure may include insulating structures 248 with 
open space in the trenches formed between the insulating 
structures. In one embodiment, therefore, the test structure 
includes insulating structures and trenches formed between 
the insulating structures, and a series of conductive struc 
tures may or may not be formed in the trenches. In some 
embodiments, the one or more electrical properties of the 
test structure that can be measured include an in-plane 
electrical property of the insulating structures. In another 
embodiment, the one or more electrical properties of the test 
structure that can be measured include an out-of-plane 
electrical property of the insulating structures. 
0207. The trenches may be formed using any suitable 
processes known in the art. For example, a layer of insulat 
ing material Such as a low k dielectric can be deposited on 
top of conductive layer 246. Trenches may then be etched in 
the layer of insulating material to form an array of trenches. 
After formation of the trenches, side walls (not shown in 
FIG. 13) may be formed on the opposing side surfaces of 
insulating structures 248. The side walls may be formed of 
a material such as a low k dielectric. The side walls and the 
insulating structures may be formed of the same low k 
dielectric material or different low k dielectric materials. The 
side walls may be formed in any manner known in the art. 
0208. The test structure shown in FIG. 13 may include 
additional materials (not shown) Such as an etch stop layer 
formed between insulating structures 248 and conductive 
layer 246 and/or an anti-reflective coating (ARC) layer 
formed on top of insulating structures 248. The etch stop 
layer and the ARC layer may include any appropriate 
materials known in the art. The etch stop layer and the ARC 
layer may also have any appropriate characteristics such as 
thickness known in the art. In addition, the etch stop layer 
and the ARC layer may be formed using any suitable process 
or processes (e.g., deposition) known in the art. 
0209 The trenches may have any suitable characteristics 
such as dimensions and pitch. A suitable width for each of 
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the insulating structures and the trenches may be from about 
1 nm to about 10 Lum. For example, a suitable line width for 
insulating structures 248 may be about 0.1 um to about 0.3 
um, and a suitable width for the trenches may be about 0.1 
um to about 0.4 Lum. A suitable pitch for the test structure 
may be from about 1 nm to about 10 Lim (e.g., about 0.2 um, 
about 0.3 um, about 0.4 um, etc.). A total length of the test 
structure may be from about 1 nm to about 100 Lum. In 
addition, the characteristics of the test structure such as 
dimensions and pitch may vary depending on the charac 
teristics of the device structures being formed on the wafer. 
In this manner, in Some embodiments, the characteristics of 
the insulating structures, and the conductive structures if 
included in the test structure, may be substantially the same 
as characteristics of corresponding device structures (not 
shown) formed on the wafer. The test pad shown in FIG. 13 
may be further configured as described herein. For example, 
the test pad may be formed in a scribe line of a patterned 
wafer. In addition, the area of the test pad may be about 60 
umxabout 60 um. In another example, the area of the test 
pad may be about 50 umxabout 50 lum. 
0210. In some embodiments, more than one of the test 
pads are formed on the wafer. Each test pad may include a 
test structure configured as shown in FIG. 13. For example, 
the test structures of the more than one test pad may include 
insulating structures and trenches formed between the insu 
lating structures. The test structures of the test pads may 
have one or more different characteristics. In one Such 
embodiment, the test structures of at least some of the more 
than one test pad have different pitches and different trench 
widths. For example, one test structure may have a pitch of 
about 0.2 um, an insulating structure line width of about 0.1 
um, and a trench width of about 0.1 um. Another test 
structure may have a pitch of about 0.3 um, an insulating 
structure line width of about 0.2 m, and a trench width of 
about 0.1 um. A third of the test structures may have a pitch 
of about 0.4 um, an insulating structure line width of about 
0.3 um, and a trench width of about 0.1 um. A fourth of the 
test structures may have a pitch of about 0.3 um, an 
insulating structure line width of about 0.1 um, and a trench 
width of about 0.2 Lum. Such test pads may be particularly 
Suitable for monitoring line-to-line k. In particular, the one 
or more electrical properties of the test structures that can be 
measured include a line-to-linek of the insulating structures. 
The one or more electrical properties of the test structures 
that can be measured for monitoring line-to-line k may 
include EOT., k, capacitance, and leakage. The one or more 
measurements may be performed as described herein. In 
addition, the one or more measurements that are performed 
on the test pads may include any other measurement(s) 
described herein. 

0211. As described above, more than one of the tests pads 
may be formed on the wafer, and the test structures of the 
more than one test pad may include insulating structures and 
trenches formed between the insulating structures. In one 
such embodiment, the test structures of at least some of the 
more than one test pad have Substantially the same trench 
width and different insulating structure line widths. For 
example, four test pads may be formed on a wafer. The test 
structures of the test pads may have Substantially the same 
trench widths, which may be approximately equal to the 
trench widths of the device structures formed on the wafer. 
At least some of the test pads may have different insulating 
structure line widths. For example, the different insulating 
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structure line widths may include an insulating structure line 
width of the device structures formed on the wafer or a line 
width of less than about 0.1 um, the insulating structure line 
width of the device structures -0.02 um, the insulating 
structure line width of the device structures -0.04 um, and 
the insulating structure line width of the device structures 
-0.06 um. Such test pads may be particularly suitable for 
measuring side wall damage layer thickness, and Such 
measurements may be performed as described further 
herein. 

0212. In another embodiment, the test structure includes 
vias formed in an insulating structure. In one such embodi 
ment, the one or more electrical properties include an 
in-plane electrical property of the insulating structure. In 
another Such embodiment, the one or more electrical prop 
erties include an out-of-plane electrical property of the 
insulating structure. One embodiment of a test pad that 
includes such a test structure is shown in FIG. 14. As shown 
in FIG. 14, test structure 252 includes vias 254 formed in 
insulating structure 256. The insulating structure may be 
formed using any suitable processes known in the art. In 
addition, the insulating structure may formed of any Suitable 
material known in the art. In some embodiments, the test 
structure also includes conductive structures (not shown in 
FIG. 14) formed in the vias. In this manner, conductive 
structures may or may not be formed in vias 254. The test 
structure also includes a conductive layer (not shown in FIG. 
14) formed between test structure 252 and a wafer (not 
shown in FIG. 14). The conductive layer and the wafer may 
be further configured as described above and illustrated in 
the figures. As shown in FIG. 14, the Vias may be arranged 
in a two-dimensional array or grid pattern within the test 
Structure. 

0213 The vias, and the conductive structures if formed in 
the Vias, may have any Suitable characteristics such as 
dimensions and pitch. A suitable diameter for the Vias may 
be about 1 nm to about 1 um. A Suitable spacing, d shown 
in FIG. 14, between the vias may be about 1 nm to about 10 
um. A total length of the test structure shown in FIG. 14 may 
be about 1 nm to about 100 um. In some embodiments, the 
characteristics of the Vias, and the conductive structures if 
included in the test structure, may be substantially the same 
as characteristics of corresponding device structures (not 
shown) formed on the wafer. The test pad shown in FIG. 14 
may be further configured as described herein. For example, 
the test pad may be formed in a scribe line of a patterned 
wafer. 

0214. One or more out-of-plane electrical properties of 
the test structures shown in FIGS. 13 and 14 such as EOT. 
dielectric constant, capacitance, and leakage may be mea 
Sured as described further herein using a non-contact mea 
Surement technique or a contact measurement technique. In 
addition, one or more in-plane electrical properties of the 
test structures shown in FIGS. 13 and 14 may be measured 
using a non-contact measurement technique. For example, a 
charge may be deposited on the Surface of the test structure. 
After the charge deposition, an effective capacitance of the 
test structure in the area of the test structure defined by the 
probe area may be measured. If the dielectric surface area is 
measured (e.g., measured by a system described herein, 
measured using another measurement technique, or esti 
mated), the effective value of the in-plane (line-to-line or 
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via-to-via) dielectric constant, k, (“effective line-to-line k” 
or “line-to-line K) can be measured. 
0215. The effective value of k may be a relatively strong 
function of the impact that the processes used to form the 
test structure (e.g., etch and patterning) have on the test 
structure characteristics. For example, as the pitch and 
spacing of the test structures shown in FIGS. 13 and 14 
decrease, the effect of the processes on the effective dielec 
tric constant increases, which can be determined from the 
in-plane k value correlation. In addition, an etch process 
used to form side walls on the insulating structures and/or an 
etch process performed after formation of the side walls may 
damage the side walls. In this manner, the damage to the side 
walls may affect the effective value of the in-plane dielectric 
constant and leakage. As such, the extent of the damage to 
the side walls may be evaluated using the in-planek value 
and leakage measurements. Such measurements may be 
performed before conductive structures 250 are formed. In 
one such example, by varying the pitch of the test structures 
and measuring film thickness, line width (i.e., the line width 
of insulating structures 248 plus the width of the side walls), 
and spacing (e.g., the trench width) of the test structures, a 
change in the line-to-linek value and leakage measurements 
due to plasma process effects on the side walls can be 
measured and determined. 

0216) The measured EOTM and leakage (JgM) of the 
etched test structure can be expressed using the following 
equations: 

EOT t2: E 2x E W E (1) M = F W EL + I, W E p + F W Es 
L - 2x 2x (2) 

EOT = WEL + L- WEp since E.<< E and El 

= 2* -- 2x Jgo + W f (3) 
8 M = F W 8L + W '3pt w8, 

where L is the line width of insulating structures 248 plus the 
width of the side walls, W is the trench width, E is the EOT 
of the stack of materials including the etch stop layer, the 
insulating structures, and the ARC layer, E is the EOT of the 
stack of materials including the etch stop layer, the side 
walls, and the ARC layer, E is the EOT of the etch stop 
layer, X is the width of the side walls, Jg is the leakage of 
the stack of materials including the etch stop layer, the 
insulating structures, and the ARC layer. Jg is the leakage 
of the stack of materials including the etch stop layer, the 
side walls, and the ARC layer, and Jg is the leakage of the 
etch stop layer. 

0217. To measure the line-to-line effective k value, addi 
tional measurements of the test structure Such as optical 
thickness and the ratio of the solid/etched area of the test 
structure may also be performed. For example, measuring 
the optical thickness of the test structure may be performed 
using a tool Such as one of the SpectraFX series of tools, 
which are commercially available from KLA-Tencor, and L 
and W of the test structure may be measured using an optical 
critical dimension (OCD) measurement tool. The plasma 
damage factor (G) can then be determined from the follow 
ing equation: 
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0218. To determine the side wall damage layer thickness, 
multiple test pads having different insulating structure line 
widths and the same trench widths, such as those described 
further above, may be formed on a wafer and measured. 
Based on Equation 2, when L decreases, until L is less than 
or equal to 2x, EOT is at a minimum, as shown in the 
following equation: 

EOT = (5) 
L WP p 

L -- W 
EOT 

0219) A plot of (L+W)/L*EOT versus 1/(L+W) may 
then be generated, and from the curve in the plot, the value 
of E may be found at the minimum (L+W)/L*EOT. E. 
and the optical thickness, T. can then be used to determine 
K. according to the following equation: 

0220. In addition, using Equation 4, the side wall damage 
layer thickness, X, can be determined using the following 
equation: 

LE EOTf (7) 
- - - - 
2(L + W)(Et-E) 2(Et-E) 

0221) In another embodiment, the test structure shown in 
FIG. 13 may be configured for M1-M(n-1) intra layer 
line-to-line k and leakage measurements after CMP. In this 
manner, the test structure may be used for applications such 
as line-to-line k monitoring. In one Such embodiment, 
conductive layer 246 may be replaced with an insulating 
layer (not shown) such as a low k dielectric layer. In 
addition, conductive structures 250 may be formed of a 
material Such as copper. In one embodiment, a width of 
insulating structures 248 may be about 0.1 um. In another 
embodiment, a SiC layer (not shown in FIG. 13) may be 
formed on the insulating layer below insulating structures 
248 and conductive structures 250. 

0222. In some embodiments, the test structure is config 
ured such that the insulating structures are configured as a 
serpentine structure (when viewed from the top of the test 
structure). In one Such embodiment, the serpentine structure 
electrically isolates two different sets of conductive struc 
tures (not shown). The dimension of the serpentine structure 
in a direction substantially parallel to the length of the 
conductive structures may be about 100 um. The dimension 
of the serpentine structure in a direction Substantially per 
pendicular to the length of the conductive structures may be 
about 50 lum. In some embodiments, each of the different 
sets of conductive structures is coupled to a test area (not 
shown in FIG. 13). Each of the test areas may be formed of 
copper and may have an area of about 15 umxabout 50 Lum. 
For example, each of the test areas may have an area of 
about 15 umxabout 15 um. In addition, the test areas may 
have different areas. For example, one of the test areas may 
have an area of about 30 umxabout 50 um, and the other test 
area may have an area of about 50 umxabout 50 lum. In 
addition, an overall dimension of the test structure from the 
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outer lateral edge of one of the test areas to the outer lateral 
edge of the other test area may be about 140 um. 
0223) In one such embodiment, measuring the line-to 
line k of the test structure may include depositing a charge 
(Q) on one of the test areas. A voltage of this test area is 
measured after the charge deposition. A different charge (Q) 
may then be deposited on the test area. In addition, the 
Voltage of the test area is measured after the charge depo 
sition. The capacitance of the serpentine structure is approxi 
mately equal to dV/dO. The line-to-line k value can be 
determined from this capacitance. In addition, a leakage 
measurement, which may be performed as described herein, 
may be performed on the test structure to detect any dielec 
tric film leakage due to a plasma etch process performed on 
the wafer. 

0224. In another embodiment, the test pad includes an 
additional test structure (not shown) configured Such that 
one or more electrical properties of the additional test 
structure can be measured. The test structure and the addi 
tional test structure include insulating structures configured 
as serpentine structures. The serpentine structures electri 
cally isolate two different sets of conductive structures, and 
at least one characteristic of the serpentine structures or the 
two different sets of conductive structures of the test struc 
ture and the additional test structure is different. In this 
manner, two of the test structures described above may be 
formed on the wafer. One of the test structures may be 
formed such that the sets of conductive structures are not in 
contact with the SiC layer. For example, the sets of conduc 
tive structures may be formed in trenches that do not extend 
through the entire thickness of insulating layer 248 
described above. In such an embodiment, the other test 
structure may be formed such that the sets of conductive 
structures are formed on the SiC layer, which is formed on 
the insulating layer used in place of conductive layer 246. In 
one such embodiment, the leakage of both test structures 
may be measured. If both of the test structures have sub 
stantially the same leakage, then the leakage is determined 
as being caused by the low k film (e.g., the insulating layer 
used in place of conductive layer 246) formed under the sets 
of conductive structures. However, if the test structure that 
includes the set of conductive structures formed on the SiC 
layer is more leaky than the other test structure, then the 
leakage can be determined to be caused by the SiC layer or 
the interface between the SiC layer and the insulating layer 
(e.g., the insulating layer used in place of conductive layer 
246). 
0225. In an additional embodiment, two of the test struc 
tures may be formed on the wafer (e.g., in the same or 
different test pad). One of the test structures may be formed 
Such that the sets of conductive structures are not in contact 
with the SiC layer. In such an embodiment, the other test 
structure may be formed such that the sets of conductive 
structures are formed through the SiC layer and contact an 
upper Surface of an insulating layer such as a low k dielec 
tric, which may replace conductive layer 246. In one Such 
embodiment, the leakage of both test structures may be 
measured as described herein. If both of the test structures 
have substantially the same leakage, then the leakage is 
determined as being caused by the top low k film formed 
under the sets of conductive structures and on top of the SiC 
layer. However, if the test structure that includes the set of 
conductive structures formed through the SiC layer is more 
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leaky than the other test structure, then the leakage can be 
determined to be caused by the SiC layer. 

0226. Another embodiment relates to a test pad formed 
on a wafer that includes an array of shallow trench isolation 
(STI) structures formed on the wafer. One or more electrical 
properties of the STI structures can be measured for moni 
toring quality of the STI structures. FIG. 15 illustrates one 
embodiment of an array of STI structures that can be used 
for monitoring STI quality. In one embodiment, the array of 
STI structures is formed in a scribe line on wafer 258. In 
another embodiment, the test pad has an area of about 75 
umxabout 75 um. 
0227. For example, as shown in FIG. 15, Epi layer 260 is 
formed on wafer 258. Wafer 258 may be a Si substrate. 
Dielectric layer 262 may be formed on Epi layer 260, and 
dielectric layer 264 may be formed on dielectric layer 262. 
Trenches may be formed through dielectric layers 264 and 
262 and into Epi layer 260. Insulating material 265 may be 
formed in the trenches using a process Such as a thermal 
growth process. Insulating material 266 may be formed 
within the trenches to form the STI structures. Epilayer 260, 
dielectric layers 262 and 264, and the STI structures may be 
formed using any appropriate processes known in the art. In 
addition, the Epi layer, dielectric layers, and STI structures 
may be formed of any suitable materials known in the art. 

0228. In some embodiments, one or more characteristics 
Such as size and composition of the STI structures shown in 
FIG. 15 are substantially the same as one or more charac 
teristics of STI structures of device structures (not shown in 
FIG. 15) that are also formed on wafer 258. For example, 
STI structures of the test pad and device structures may be 
formed in the same processes. Measurements of the STI 
structures shown in FIG. 15 may be performed as described 
herein. In addition, the one or more electrical properties of 
the STI structures that can be measured include, but are not 
limited to, effective capacitance and a V map (e.g., a V map 
within the test pad). The test structure of FIG. 15 may be 
used in applications such as STI etch defect inspection, STI 
dielectric growth process control, STI dielectric etch and 
CMP processes monitor and control, and N well and P well 
ion implantation damage monitoring. 

0229 FIGS. 16-18 illustrate additional embodiments of a 
test pad that can be formed on a wafer. The test pad 
embodiments may be used for capacitance measurements of 
Si-on-oxide (SOI) type wafers. The test pad includes a box 
oxide layer formed on the wafer. For example, as shown in 
FIG. 16, the test pad includes box oxide layer 270 formed on 
wafer 272, which may be a Si substrate. The box oxide layer 
may include any suitable oxide layer known in the art. The 
test pad also includes one or more Si structures formed on 
the box oxide layer. For example, as shown in FIG. 16, the 
test pad includes Si structure 268 formed on box oxide layer 
270. Si structure 268 is formed within silicon oxide layer 
274, which is also formed on box oxide layer 270. In 
addition, the test pad includes one or more gate dielectric 
structures formed on the one or more Si structures. For 
example, as shown in FIG. 16, gate dielectric structure 276 
is formed on Si structure 268. In one embodiment, as shown 
in FIG. 16, the one or more gate dielectric structures and the 
one or more Si structures have Substantially the same area. 
The test pad shown in FIG. 16 may be formed using any 
Suitable processes and materials known in the art. The test 
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pad may be further configured as described above. In one 
embodiment, the test pad is formed in a scribe line of the 
wafer. In addition, more than one test pad configured as 
shown in FIG. 16 may be formed on the wafer (e.g., in the 
scribe line of the wafer). 
0230. One or more electrical properties of the box oxide 
layer and the one or more gate dielectric structures can be 
measured. In one embodiment, the one or more electrical 
properties include capacitance of the box oxide layer and 
capacitance of the one or more gate dielectric structures. 
Gate capacitance may be measured by performing two 
measurements on a single test pad such as that shown in FIG. 
16. In one embodiment, the one or more electrical properties 
can be measured using a non-contact measurement tech 
nique. 
0231. One method for determining one or more electrical 
properties of a test pad formed on a wafer Such as that shown 
in FIG. 16 includes depositing a first corona charge on a first 
corona deposition spot (not shown) on a gate dielectric 
structure of the test pad. As described above, the gate 
dielectric structure is formed on a Si structure, which is 
formed on a box oxide layer formed on the wafer. The test 
pad may be further configured as described herein. For 
example, in one embodiment as shown in FIG. 16, the gate 
dielectric structure and the Sistructure have substantially the 
SaC aca. 

0232. One example of such a charge deposition is shown 
in FIG. 16. In this example, a corona charge is deposited on 
the test pad using a relatively small corona deposition Source 
278 that produces a relatively small corona deposition spot 
(not shown) having area A on gate dielectric structure 276. 
Corona source 278 may be configured as described herein. 
The method also includes measuring a first voltage of the 
test pad after depositing the first corona charge. For 
example, after the charge deposition, a Voltage measurement 
is performed on this test pad using a Voltage measurement 
probe (not shown in FIG. 16) that can be a non-contact 
Voltage probe or a contact electrode. The Voltage measure 
ment probe may be configured as described herein. 
0233. The method further includes depositing a second 
corona charge in a second corona deposition spot (not 
shown) on the gate dielectric structure. The second corona 
deposition spot has an area that is different than an area of 
the first corona deposition spot. In one embodiment, the area 
of the second corona deposition spot is larger than the area 
of the first corona deposition spot. One example of Such a 
charge deposition is also shown in FIG. 16. For example, 
after the first voltage measurement, a second corona charge 
is deposited on the same test pad using relatively large 
corona deposition source 280 that produces a relatively large 
corona deposition spot having area A on gate dielectric 
structure 276. Corona deposition source 280 may be con 
figured as described herein. In addition, the method includes 
measuring a second Voltage of the test pad after depositing 
the second corona charge. The same Voltage measurement 
probe or different voltage measurement probes may be used 
to measure the first and second Voltages. The Voltage mea 
Surement probe used to measure the second Voltage may be 
configured as described herein. In one embodiment, the first 
and second Voltages are measured using a non-contact 
measurement technique. In another embodiment, the first 
and second Voltages are measured using a contact measure 
ment technique. 
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0234. In one embodiment, depositing the first corona 
charge is performed using a first corona gun (e.g., corona 
deposition source 278), and depositing the second corona 
charge is performed using a second corona gun (e.g., corona 
deposition source 280). In an alternative embodiment, 
depositing the first and second corona charges are performed 
using a single corona gun (not shown in FIG. 16) and 
different voltage settings of one or more electrodes of the 
single corona gun. Such a single corona gun may be con 
figured as described herein. In this manner, the difference in 
the areas A and A of the first and second corona deposition 
spots can be achieved either using two corona guns or using 
a single corona gun with different Voltage settings of one or 
more electrodes of the gun. 
0235. The method also includes determining one or more 
electrical properties of one or more structures of the test pad 
using the first voltage and the second Voltage. In one 
embodiment, the one or more electrical properties include 
capacitance of the gate dielectric structure and capacitance 
of the box oxide layer. For example, the capacitance of the 
gate dielectric structure, Care, and the capacitance of the 
box oxide layer, C. can be determined from the results of 
the capacitance measurements, C, performed with the rela 
tively small corona deposition spot and the capacitance 
measurements, C, performed with the relatively large 
corona deposition spot using the following equations: 

where C (F/cm) is the unit capacitance measured using the 
relatively small corona deposition spot, A (cm) is the area 
of the relatively small corona deposition spot, C. (F/cm) is 
the unit capacitance measured using the relatively large 
corona deposition spot, A (cm) is the area of the relatively 
large corona deposition spot, h=A2/A, Tae (cm) is the 
physical thickness of the gate dielectric structure, T (cm) 
is the physical thickness of the box oxide layer, C. (F/cm) 
is the unit capacitance of the gate dielectric structure, C. 
(F/cm) is the unit capacitance of the box oxide layer, and As 
(cm) is the area of Si structure 268 electrically connected to 
the bottom of the gate dielectric structure. 
0236. One advantage of the above described method over 
measurements that are typically performed after a single 
corona deposition is that the error due to the variation of the 
box oxide layer thickness is eliminated in Equation 10. More 
complex mathematical calculations involving correction for 
the edge effect of the Si structure under the gate dielectric 
structure can also be employed to calculate Cae. In another 
embodiment, the one or more electrical properties can be 
measured using a contact measurement technique. Each of 
the steps of the method described above may be further 
performed as described herein. In addition, each of the 
embodiments of the method described above may be per 
formed by any of the system embodiments described herein. 
Each of the embodiments of the method described above 
may include any other step(s) of any other method(s) 
described herein. 

0237 As described above, measurements may be per 
formed twice on a single test pad after different corona 
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charge depositions. Alternatively, the measurements may be 
performed one or more times on different test pads (e.g., two 
neighboring test pads, one measurement per test pad). For 
example, one embodiment of a method for determining one 
or more electrical properties of one or more structures 
formed on a wafer includes depositing a first corona charge 
on a first of two test pads formed on the wafer in a first 
corona deposition spot. Each of the two test pads may be 
configured as shown in FIG. 16. For example, each of the 
two test pads includes a gate dielectric structure formed on 
a Si structure. The gate dielectric structures and the Si 
structures of the two test pads have substantially the same 
area. The Si structures of the two test pads are formed on a 
box oxide layer formed on the wafer. The method also 
includes measuring a first voltage of the first of the two test 
pads after depositing the first corona charge. Depositing the 
first corona charge and measuring the first Voltage may be 
performed as described above. 
0238. The method further includes depositing a second 
corona charge on a second of the two test pads in a second 
corona deposition spot. The second corona deposition spot 
has an area that is different than an area of the first corona 
deposition spot. In one embodiment, the area of the second 
corona deposition spot is larger than the area of the first 
deposition spot. In some embodiments, depositing the first 
corona charge is performed using a first corona gun, and 
depositing the second corona charge is performed using a 
second corona gun. In a different embodiment, depositing 
the first and second corona charges are performed using a 
single corona gun and different Voltage settings of one or 
more electrodes of the single corona gun. In addition, the 
method includes measuring a second Voltage of the second 
of the two test pads after depositing the second corona 
charge. Depositing the second corona charge and measuring 
the second voltage may be further performed as described 
above. In some embodiments, the first and second Voltages 
are measured using a non-contact measurement technique. 
In other embodiments, the first and second Voltages are 
measured using a contact measurement technique. 
0239 Furthermore, the method includes determining one 
or more electrical properties of one or more structures of the 
two test pads using the first Voltage and the second Voltage. 
In some embodiments, the one or more electrical properties 
include capacitance of the gate dielectric structures and 
capacitance of the box oxide layer. Each of the steps of the 
above described method may be performed as described 
further herein. Each of the embodiments of the method 
described above may be performed by any of the system 
embodiments described herein. In addition, each of the 
embodiments of the method described above may include 
any other step(s) of any other method(s) described herein. 
0240. In another embodiment, the one or more Si struc 
tures have different areas. For example, as shown in FIG. 17. 
the test pad includes Si structures 282 and 284, which have 
different sizes (e.g., different areas, but the same thickness). 
Sistructures 282 and 284 are formed on box oxide layer 286. 
Box oxide layer 286 is formed on wafer 288, which may be 
a Si Substrate. Si structures 282 and 284 are formed within 
silicon oxide layer 290, which is also formed on box oxide 
layer 286. Gate dielectric structures 292 and 294 are formed 
on Si structures 282 and 284, respectively. In one embodi 
ment, as shown in FIG. 17, each of the one or more gate 
dielectric structures has substantially the same area as the 
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one or more Si structures on which each of the one or more 
gate dielectric structures is formed. In one embodiment, 
therefore, the one or more Si structures have different areas, 
and each of the one or more gate dielectric structures has 
Substantially the same area as the one or more Si structures 
on which each of the one or more gate dielectric structures 
is formed. The test pad shown in FIG. 17 may be formed 
using any suitable processes and materials known in the art. 
The test pad may be further configured as described above. 
For instance, the test pad may be formed in a scribe line of 
the wafer. In addition, more than one test pad configured as 
shown in FIG. 17 may be formed on the wafer (e.g., in the 
scribe line of the wafer). 
0241 Another embodiment relates to a method for deter 
mining one or more electrical properties of two test struc 
tures of a test pad formed on a wafer. The method includes 
depositing a first corona charge on a first of the two test 
structures. The two test structures may be configured as 
described above and shown in FIG. 17. For example, each 
of the two test structures includes a gate dielectric structure 
formed on a Si structure. The gate dielectric structures of the 
two test structures have different areas, and the Si structures 
of the two test structures have different areas. The Si 
structures of the two test structures are formed on a box 
oxide layer formed on the wafer. In one embodiment, as 
shown in FIG. 17, the gate dielectric structure and the Si 
structure of the first of the two test structures have substan 
tially the same area, and the gate dielectric structure and the 
Si structure of the second of the two test structures have the 
substantially the same area. The test pad may be further 
configured as described herein. For example, in one embodi 
ment, the test pad is formed in a scribe line of the wafer. The 
method also includes measuring a first voltage of the first of 
the two test structures after depositing the first corona 
charge. Depositing the first corona charge and measuring the 
first voltage may be performed as described herein. 
0242. The method further includes depositing a second 
corona charge on a second of the two test structures. In one 
embodiment, depositing the first and second corona charges 
are performed using a single corona gun. For example, 
single corona gun 296 may be used to deposit charges on 
two test structures such as two neighboring test structures 
(e.g., gate dielectric structures 292 and 294) having different 
sizes in a test pad, as shown in FIG. 17. Single corona gun 
296 may be configured as described herein. In addition, the 
method includes measuring a second Voltage of the second 
of the two test structures after depositing the second corona 
charge. Depositing the second corona charge and measuring 
the second voltage may be further performed as described 
herein. In addition, one or more characteristics of the first 
and second corona charges Such as total charge deposition, 
area of the charge deposition spots, charge deposition rate, 
polarity, etc., or some combination thereof may be substan 
tially the same. In one embodiment, the first and second 
Voltages are measured using a non-contact measurement 
technique. In a different embodiment, the first and second 
Voltages are measured using a contact measurement tech 
n1due. 

0243 The method also includes determining one or more 
electrical properties of the two test structures using the first 
Voltage and the second Voltage. In one embodiment, the one 
or more electrical properties include capacitance of the gate 
dielectric structures and capacitance of the box oxide layer. 
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For example, the capacitance of the gate dielectric structures 
and the box oxide layer can be determined using the fol 
lowing equations: 

where C (F/cm) is the unit capacitance measured on gate 
dielectric structure 292, C. (F/cm) is the unit capacitance 
measured on gate dielectric structure 294, A (cm) is the 
area of the corona deposition spot in which the first and 
second corona charges are deposited, Cas (F/cm) is the 
unit capacitance determined for the gate dielectric struc 
tures, C. (F/cm) is the unit capacitance of the box oxide 
layer. As (cm) is the area of Si structure 282 electrically 
connected to the bottom of gate dielectric structure 292. A 
(cm) is the area of Si structure 284 electrically connected to 
the bottom of gate dielectric structure 294, and g=A/A. 
Each of the steps of the method embodiments described 
above may be further performed as described herein. In 
addition, each of the embodiments of the method described 
above may be performed by any of the system embodiments 
described herein. Furthermore, each of the embodiments of 
the method described above may include any other step(s) of 
any other method(s) described herein. 
0244. In another embodiment, at least one of the one or 
more gate dielectric structures has an area that is different 
than an area of the one or more Si structures on which the 
at least one of the one or more gate dielectric structures is 
formed. In an additional embodiment, at least one of the one 
or more gate dielectric structures has an area that is less than 
an area of the one or more Si structures on which the at least 
one of the one or more gate dielectric structures is formed. 
As such, a test structure in which the area of Si electrically 
connected to the test structure is greater than the area of the 
test structure itself may be employed in the embodiments 
described herein. For example, as shown in FIG. 18, one 
embodiment of such a test pad includes Si structure 298 
formed on box oxide layer 300. Box oxide layer 300 is 
formed on wafer 302, which may be a Si substrate. Si 
structure 298 is formed in oxide layer 304, which is also 
formed on box oxide layer 300. In addition, gate dielectric 
structure 306 is formed on Si structure 298. Gate dielectric 
structure 306 has an area that is less than an area of Si 
Structure 298. 

0245. In one such embodiment, the at least one of the one 
or more gate dielectric structures is located entirely within 
the area of the one or more Si structures on which the at least 
one of the one or more gate dielectric structures is formed. 
For example, as shown in FIG. 18, gate dielectric structure 
306 is located entirely within the area of Si structure 298. 
The test pad shown in FIG. 18 may be formed using any 
Suitable processes and materials known in the art. The test 
pad may be further configured as described above. For 
instance, the test pad may be formed in a scribe line of the 
wafer. In addition, more than one test pad configured as 
shown in FIG. 18 may be formed on the wafer (e.g., in the 
scribe line of the wafer). 
0246. An additional embodiment relates to a method for 
determining one or more electrical properties of a test pad 



US 2007/01 09003 A1 

formed on a wafer. The method includes depositing a corona 
charge on the test pad. Deposition of the corona charge can 
be performed using a single corona gun (e.g., gun 308 shown 
in FIG. 18). The single corona gun may be configured as 
described herein. Depositing the corona charge may be 
further performed as described herein. The test pad may be 
formed as described above and shown in FIG. 18. For 
example, the test pad includes a gate dielectric structure 
formed on a Si structure. The gate dielectric structure has an 
area that is less than an area of the Si structure. In one 
embodiment, the gate dielectric structure is located entirely 
within the area of the Si structure. The Si structure is formed 
on a box oxide layer formed on the wafer. The test pad may 
be further configured as described herein. For example, in 
one embodiment, the test pad is formed in a scribe line of the 
wafer. 

0247 The method also includes measuring a voltage of 
the test pad after depositing the corona charge. Measuring 
the voltage may be performed as described herein. In one 
embodiment, the Voltage is measured using a non-contact 
measurement technique. In a different embodiment, the 
Voltage is measured using a contact measurement technique. 
0248. The method further includes determining one or 
more electrical properties of one or more structures of the 
test pad using the Voltage. In one embodiment, the one or 
more electrical properties include capacitance of the gate 
dielectric structure and capacitance of the box oxide layer. 
For example, as C. As increases, the impact of C. 
variation on the Cat, result decreases. When 
C/(f(c)<0.9, the contribution of the box oxide layer can 
be treated as fixed via a calibration constant. In this manner, 
the capacitance of the gate dielectric structure and the box 
oxide layer can be determined from the following equations: 

1/(C*A)=1/(CAI)+1/(CA3) (16) 
Cat=1/(1/C-calibration constant) (17) 

where C (F/cm) is the unit capacitance measured, A (cm) 
is the area of the corona deposition spot in which the corona 
charge is deposited, Cas (F/cm) is the unit capacitance of 
the gate dielectric structure, C. (F/cm) is the unit capaci 
tance of the box oxide layer, A (cm) is the area of the Si 
structure connected to the bottom of the gate dielectric 
structure. As is the area of the gate dielectric structure, and 
f=A/A. Equation 17 is valid only when Cf(f(C) is less 
than 0.9. Each of the steps of the method embodiments 
described above may be further performed as described 
herein. In addition, each of the embodiments of the method 
described above may be performed by any of the system 
embodiments described herein. Furthermore, each of the 
embodiments of the method described above may include 
any other step(s) of any other method(s) described herein. 
0249 Another embodiment relates to a test pad formed 
on a wafer that includes an oxide layer formed on the wafer 
and a Si structure formed on the oxide layer. One or more 
electrical properties of the oxide layer can be measured to 
monitor quality of the oxide layer. In one embodiment, the 
one or more electrical properties of the oxide layer can be 
measured to monitor quality of an interface between the 
oxide layer and the Si structure. 

0250 FIG. 18a illustrates one embodiment of such a test 
pad that can be used to monitor quality of the interface of 
Si/oxide for a wafer on which an SOI structure is formed. In 
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particular, the test pad includes Si substrate 616. Oxide layer 
618 is formed on Si substrate 616. Oxide layer 618 may have 
any suitable configuration known in the art. In addition, 
oxide layer 618 may be formed using any suitable process or 
processes known in the art. Silayer 620 is formed on oxide 
layer 618. Silayer 620 may have any suitable configuration 
known in the art. In addition, Silayer 620 may be formed 
using any Suitable process or processes known in the art. Si 
layer 620 may have been etched to expose side surfaces 622 
of Silayer 620 and a portion of the upper surface of oxide 
layer 618. Silayer 620 may be etched using any suitable 
process(es) known in the art. Dielectric layer 624 is formed 
on side surfaces 622 of Silayer 620 and the portion of the 
upper surface of oxide layer 618 exposed by the etch 
process. Dielectric layer 624 may have any suitable com 
position and dimensions and may be formed using any 
suitable process(es) known in the art. Dielectric layer 626 is 
formed on dielectric layer 624. Dielectric layer 626 may 
have any suitable composition and dimensions and may be 
formed using any suitable process(es) known in the art. 
0251 FIG. 18b illustrates a top view of the upper surface 
of the test pad of FIG. 18a. In particular, as shown in FIG. 
18b, the upper surface of the test pad includes upper surfaces 
of Silayer 620, dielectric layer 624, and dielectric layer 626. 
In one embodiment, the test pad is formed in an active area 
(AA) of the wafer. In another embodiment, the test pad 
shown in FIGS. 18a and 18b may have an area of about 50 
um by about 50 Lum. In another embodiment, the one or more 
electrical properties of the oxide layer can be measured by 
measuring a V map across an upper Surface of the test pad. 
For example, the one or more electrical properties that are 
measured for the test pad shown in FIGS. 18a and 18b to 
monitor the oxide quality of the SOI wafer may include a V 
map across the upper Surface of the test pad. The test pad 
shown in FIGS. 18a and 18b may be further configured as 
described herein. In addition, the measurements that are 
performed on the test pad shown in FIGS. 18a and 18b may 
include any of the measurements described herein and may 
be performed as described herein. For example, in one 
embodiment, the one or more electrical properties can be 
measured using a non-contact measurement technique. In 
another embodiment, the one or more electrical properties 
can be measured using a contact measurement technique. 
0252) An additional embodiment relates to a method for 
assessing plasma damage of a wafer. The method includes 
measuring one or more electrical properties of a test struc 
ture formed on the wafer. The test structure may be config 
ured as described above. For example, in one embodiment, 
the test structure includes trenches formed in an insulating 
structure. Such a test structure may be configured as 
described above and shown in FIG. 13. In one such embodi 
ment, the one or more electrical properties include an 
in-plane electrical property of the insulating structure. The 
in-plane electrical property and any other electrical proper 
ties of Such a structure may be measured as described herein. 
In another embodiment, the test structure includes vias 
formed in an insulating structure. Such a test structure may 
be configured as described above and shown in FIG. 14. In 
one Such embodiment, the one or more electrical properties 
include an out-of-plane electrical property of the insulating 
structure. The out-of-plane electrical property and any other 
electrical properties of such a test structure may be measured 
as described herein. In an additional embodiment, the wafer 
may include a patterned wafer, and the test structure may be 
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formed in a scribe line on the patterned wafer. In addition, 
the test structure may include an IMD structure. The IMD 
structure may be configured as described herein. Alterna 
tively, the test structure may include a gate structure. The 
gate structure may be configured as described herein. The 
test structure may form part of the test pads described above. 
In another embodiment, one or more characteristics of the 
test structure are Substantially the same as one or more 
characteristics of device structures formed on the wafer. 

0253) The method for assessing plasma damage of a 
wafer also includes determining an index characterizing the 
plasma damage of the test structure using the one or more 
electrical properties. The plasma damage is caused by a 
process performed on the wafer. Examples of such processes 
include, but are not limited to, etch Such as gate polysilicon 
etch, metal etch, and dielectric etch, ash, scrub, CVD, and 
any other processes described above. The plasma damage 
may include Surface charge non-uniformity, bulk film dam 
age, and interface damage. In this manner, all of the different 
types of plasma damage may be considered together to 
assess the overall plasma damage to the test structure on the 
wafer. The plasma damage may also be measured to deter 
mine properties such as uniformity of plasma damage and 
etch loading. In addition, any electrical properties of a test 
structure that can be measured using a non-contact or 
contact measurement technique may be correlated to plasma 
damage. 

0254. In one particular example, different etch processes 
may have different effects on the properties of the test 
structure that can be measured by the QuantoX systems due 
to the different amounts of plasma damage caused by each 
of the processes. Accordingly, the properties that are mea 
Sured are indicative of the plasma damage caused by a 
particular etch process. In addition, the properties that can be 
measured may be used to evaluate different parameters of a 
single etch process based on how much plasma damage the 
different parameters cause to a test structure. As such, the 
properties that can be measured may be used to evaluate the 
suitability of different etch processes (and perhaps different 
etch processes performed by different etch tools) to deter 
mine which etch process should be performed for a particu 
lar wafer configuration. 
0255 The amount of plasma damage caused to a wafer 
by a process can be expressed in terms of the electrical 
properties using a function Such as a Summation of the 
electrical properties, each of which is multiplied by an 
appropriate factor. The appropriate factors may be deter 
mined experimentally or empirically. In addition, the elec 
trical properties included in the Summation may be manipu 
lated in any other way prior to being Summed. For instance, 
the values that are Summed may include an integral of each 
of the electrical properties, a square root of each of the 
electrical properties, an exponential function of each of the 
electrical properties, etc. Any other appropriate function 
may be used to determine the index characterizing the 
plasma damage of the test structure. In some embodiments, 
the index may be a weighted index. For example, the 
electrical properties of the test structure that are more 
sensitive to (or more affected by) plasma damage may be 
assigned a greater weight than that assigned to electrical 
properties of the test structure that are less sensitive to the 
plasma damage. The sensitivity of different electrical prop 
erties to plasma damage may be determined experimentally 
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and/or empirically using any suitable method(s) and/or 
system(s) known in the art. In addition, the electrical prop 
erties of the test structure that are used to determine the 
index may include any measurable electrical properties of 
the test structure that may be at least somewhat affected by 
plasma damage. 

0256 In another embodiment, the method includes mea 
Suring one or more additional properties of the test structure 
using one or more optical techniques and determining an 
in-plane electrical property of the test structure using the one 
or more electrical properties and the one or more additional 
properties. For example, as described further above with 
respect to FIG. 13, to measure the line-to-line effective k 
value, additional measurements of the test structure Such as 
optical thickness and the ratio of the solid/etched area of the 
test structure may also be performed. As described above, 
the optical thickness of the test structure may be performed 
using a tool Such as one of the SpectraFX tools, and L and 
W of the test structure may be measured using an OCD 
measurement tool. The in-plane electrical property may be 
determined from the one or more electrical properties and 
the one or more additional properties using the equations set 
forth above. In a further embodiment, the method includes 
measuring one or more additional properties of the test 
structure using one or more optical techniques, and deter 
mining the index characterizing the plasma damage includes 
determining the index using the one or more electrical 
properties and the one or more additional properties. The 
plasma damage factor (G) can be determined in this manner 
using Equation 4 set forth above. 

0257 Embodiments of a suitable test structure for assess 
ing plasma damage of a wafer are illustrated in FIGS. 19 and 
20. As shown in FIG. 19, one test structure includes via 310. 
Deposition of charge 312 on the upper surface of via 310 
results in the charge distribution shown in FIG. 19. V. can 
be measured after charge 312 is deposited on the upper 
Surface of the via. Deposition of the charge and measure 
ment of V may be performed as described herein and using 
the systems described further herein. 

0258 As shown in FIG. 20, another test structure 
includes via 314 that has the same general geometry or shape 
as via 310. However, via 314 has a greater lateral dimension 
or width than via 310. Therefore, upon deposition of charge 
316 on the upper surface of via 314, the charge distribution 
in via 314 may be different than that in via 310, as shown in 
FIG. 20. In this manner, V measured for via 314 after 
deposition of charge 316 on the upper surface of via 314 will 
be different than the V measured for via 310. As such, 
different test structures having different sizes or other char 
acteristics may have different Voltage measurements due to 
differences in the charge distribution in the test structures, 
which may be caused by effects such as electrical shadow 
1ng. 

0259. Accordingly, in a preferred embodiment, the test 
structures have Substantially the same characteristics as 
device structures such that measurements of the one or more 
electrical properties of the test structures accurately reflect 
the properties of the device structures. Since device struc 
tures having different characteristics such as size and shape 
may be formed on a single wafer and sometimes in a single 
process, it may be advantageous to form multiple test 
structures on the wafer such that one or more electrical 
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properties of the different device structures can be accurately 
assessed using the test structures. In one example, as shown 
in FIG. 21, via 310 and via 314 may both be included in 
scribe line area 318 of patterned wafer 320. Measurements 
of the one or more electrical properties of each of the test 
structures may be performed. In addition, more than two test 
structures may be formed in the scribe line of a patterned 
wafer. At least some of the different test structures may have 
one or more characteristics that are different Such as size and 
shape. The characteristics of the test structures preferably 
vary depending on the characteristics of the device struc 
tures that are formed on the wafer. 

0260. In one embodiment, therefore, the wafer may 
include a patterned wafer, and the test pad may include 
different test structures formed in a scribe line on the wafer. 
In one such embodiment, the different structures have sub 
stantially the same characteristics as different device struc 
tures on the wafer such that the index determined as 
described further herein accurately reflects the plasma dam 
age of the different device structures. In addition, the test 
structure may include any other test structure described 
herein. For example, in one embodiment, the test structure 
includes a portion of the wafer surrounded by one or more 
trenches, a pad oxide layer formed on an upper Surface of the 
portion of the wafer, and a lining oxide formed on side 
surfaces of the portion of the wafer, side surfaces of the pad 
oxide layer, and an upper Surface of the wafer in the one or 
more trenches. Such a test structure may be further config 
ured as described herein. In another embodiment, the test 
structure includes one or more layers of wiring formed on 
the wafer above a gate structure, and the plasma damage 
includes damage to the gate structure caused by one or more 
processes used to form the one or more layers of wiring. 
Such a test structure may be further configured as described 
herein. 

0261 Measuring the one or more electrical properties of 
the test structures may be performed using a non-contact 
measurement technique. The non-contact measurement 
technique may be performed as described further herein. 
Alternatively, measuring the one or more electrical proper 
ties of the test structures may be performed using a contact 
measurement technique. The contact measurement tech 
nique may be performed as described above and may 
include any other contact measurement technique known in 
the art. 

0262 Another embodiment relates to a different method 
for assessing plasma damage of a wafer. The method 
includes measuring one or more electrical properties of a 
device structure formed on the wafer. The method also 
includes determining an index characterizing the plasma 
damage of the device structure using the one or more 
electrical properties. The plasma damage is caused by a 
process performed on the wafer. 

0263. In this manner, instead of using a test structure as 
described above, the method may be performed using a 
device structure formed on a wafer. In some embodiments, 
the measurements include a surface charge profile within a 
die. In an additional embodiment, in-die V measurements 
may be performed for charge damage and yield improve 
ment. In another embodiment, the measurements include V 
measurements at Substantially the same within die location 
for each die on the wafer or two or more dies formed on the 
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wafer. The different V measurements may be compared 
across the wafer to provide a measure of uniformity across 
the wafer. For example, FIG. 22 illustrates one embodiment 
of an arrangement of locations at which in-die V measure 
ments may be performed for charge damage monitoring and 
yield improvement. As shown in FIG. 22, dies 322 are 
formed on wafer 324. Device structures (not shown in FIG. 
22) are formed in dies 322. 
0264. In one embodiment, measuring the one or more 
electrical properties includes measuring V at more than one 
location within a die formed on the wafer. In another 
embodiment, the plasma damage includes a Surface charge 
profile within a die formed on the wafer. In addition, the 
Surface charge profile may be measured within one or more 
of the dies on the wafer. For example, as shown in FIG. 22. 
V measurements may be performed at locations A and B 
within one or more of the dies. In some embodiments, the 
more than one location are within different types of areas of 
the die. For example, locations A and B may be within 
different types of areas of the dies. In one such example, as 
shown in FIG. 22, location A may be within array of 
patterned features 326 formed within the dies, and location 
B may be within non-patterned portion 327 of the dies. 
Measurements may be performed at these locations with a 
system that may be configured as described herein and may 
have a resolution of about 5 Lim. In this manner, multiple 
measurements may be performed within a die at different 
locations such that a Surface charge profile can be measured 
within the die. 

0265. In an additional embodiment, measuring the one or 
more electrical properties includes measuring a V at Sub 
stantially the same within die location for more than one die 
on the wafer. In one such embodiment, the method includes 
comparing the V at Substantially the same within die loca 
tion for more than one die on the wafer to determine surface 
voltage uniformity across the wafer. In a further embodi 
ment, the plasma damage includes Surface charge uniformity 
across the wafer. In this manner, the different V measure 
ments may be compared and used to determine within wafer 
uniformity of the V measurements and thereby the within 
wafer uniformity of the charge damage. The measurement 
layout shown in FIG. 22 may be used in applications such 
as, but not limited to, monitoring plasma processes such as 
etch, ash, and Scrub to measure characteristics of the pro 
cesses such as uniformity and etch loading. 

0266 Each of the steps of the method embodiments 
described above may be further performed as described 
herein. In addition, each of the embodiments of the method 
described above may be performed by any of the system 
embodiments described herein. Furthermore, each of the 
embodiments of the method described above may include 
any other step(s) of any other method(s) described herein. 

0267 Another embodiment of a test pad formed on a 
wafer includes one or more layers of wiring formed on the 
wafer above a gate structure. The test pad also includes one 
or more test structures electrically coupled to the gate 
structure. One or more electrical properties of the gate 
structure can be measured by performing measurements on 
the one or more test structures. Damage to the gate structure 
caused by one or more processes used to form the one or 
more layers of wiring can be determined using the one or 
more electrical properties. 
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0268 One embodiment of such a test pad is shown in 
FIG. 23. The test pad can be formed on a wafer and used to 
determine gate damage after one or more layers of wiring 
have been formed on the wafer as described further herein. 
As shown in FIG. 23, the wafer includes Si Substrate 328. 
Gate dielectric 330 is formed on Si Substrate 328. Patterned 
or isolated polysilicon structure 332 is formed on gate 
dielectric 330. Via 334 is formed within dielectric layer 336 
such that via 334 is electrically connected to polysilicon 
structure 332. Dielectric layer 338 is formed on dielectric 
layer 336, and conductive structures 340 are formed within 
dielectric layer 338. 

0269 ILD layer 342 is formed on dielectric layer 338 and 
some of conductive structures 340. Antenna structure 344 is 
formed within ILD layer 342. ILD layer 346 is formed on 
ILD layer 342. Via 348 is formed within ILD layers 342 and 
346. Via 348 is electrically connected to antenna structure 
344 and conductive structure 340, which is also electrically 
connected to via 334. Dielectric layer 350 is formed on ILD 
layer 346, and conductive structure 352 is formed in dielec 
tric layer 350. Conductive structure 352 is electrically con 
nected to via 348. However, the test pad may not include 
dielectric layer 350 and conductive structure 352. In addi 
tion, the test pad may include one or more layers (e.g., one 
layer to twenty layers) that include a dielectric layer Such as 
dielectric layer 350 and one or more conductive structures 
such as conductive structures 352 formed in each dielectric 
layer. 

0270 ILD layer 354 is formed on dielectric layer 350. 
Antenna Structure 356 and via 358 are formed within ILD 
layer 354. Antenna structure 356 is electrically coupled to 
via 358, and via 358 is electrically connected to conductive 
structure 352. However, if dielectric layer 350 and conduc 
tive structure 352 are not included in the test pad, dielectric 
layer 354 can be formed on dielectric layer 346 and con 
ductive structure 358 can be electrically connected to via 
348. Dielectric layer 360 is formed on ILD layer 354. Test 
structure 362 is formed in dielectric layer 360. Test structure 
362 is electrically connected to via 358. In this manner, test 
structure 362 is electrically connected to Si substrate 328 as 
shown in FIG. 23. The test structure may be formed of a 
conductive material. Alternatively, the test structure may be 
formed of a dielectric material. 

0271 In this manner, the test pad shown in FIG. 23 
includes a substrate and a number of levels formed on the 
Substrate. These levels include gate, isolated or patterned 
polysilicon, W connector, M1 via, Mx via, and Mx+1 via 
and top test structure formed of metal or dielectric. In some 
embodiments, the one or more test structures include at least 
one antenna structure electrically connected to the gate 
structure by a via. In one Such embodiment, the damage 
includes plasma damage. In this manner, the at least one 
antenna structure can be used for monitoring plasma damage 
of the gate structure. In another Such embodiment, the at 
least one antenna structure includes a serpentine structure 
(not shown). 
0272. The measurements that can be performed on the 
test pad shown in FIG. 23 include any of the measurements 
described herein. In addition, after each BEOL wiring layer 
is formed, one or more electrical properties of the gate 
structure may be measured. For example, in one embodi 
ment, the one or more test structures include a conductive 
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structure formed on a top layer of the one or more layers of 
wiring. In one such embodiment, the conductive structure is 
electrically connected to the gate structure. In another 
embodiment, the one or more test structures include a 
dielectric structure formed on a top layer of one or more 
layers of wiring. In some embodiments, the one or more 
electrical properties include EOT, leakage, Dit, Q, or 
flatband Voltage (V). In this manner, these and other 
electrical properties of the gate structure may be measured 
on the top metal or dielectric test structure (e.g., test struc 
ture 362) to determine if the BEOL wiring process for each 
layer causes damage to the gate structure. The test pad 
shown in FIG. 23 may be used in applications such as ILD 
deposition monitoring, ash/etch process monitoring, ILD 
CMP monitoring, and Scrub charging monitoring. 
0273 FIG. 24 illustrates another embodiment of a test 
structure that can be formed on a wafer and used to assess 
plasma damage of the wafer. In one embodiment, the test 
structure includes an STI structure. For instance, the test 
structure includes Si substrate 364. Dielectric layer 366 is 
formed on upper surfaces of Si substrate 364. Dielectric 
layer 366 may be a pad oxide layer. A thickness of the pad 
oxide layer may be about 50 A to about 200 A (e.g., about 
100 A). Trench 368 is formed through dielectric layer 366 
and into Si substrate 364. Trench 368 may be configured as 
an STI structure. Dielectric layer 370 is formed on surfaces 
of trench 368 including surfaces of dielectric layer 366 and 
Si substrate 364 exposed by the trench formation. Dielectric 
layer 370 may be a silicon oxide layer. In this manner, 
dielectric layer 370 may be a lining oxide. Dielectric layer 
372 is formed on upper surfaces of dielectric layer 366. 
Dielectric layer 372 may be a silicon nitride layer. A 
thickness of the silicon nitride layer may be about 1000A to 
about 2000 A (e.g., about 1625 A). Dielectric layer 366, 
trench 368, and dielectric layers 370 and 372 may be formed 
using any processes known in the art. 
0274. In some embodiments, leakage may be detected at 
corner 374 of dielectric layers 370 and 366. In this manner, 
the test structure may be used for STI lining oxide corner 
leakage detection. Leakage at corner 374 may be caused by 
plasma damage of dielectric layer 370 and/or dielectric layer 
366 during processing of the wafer. For example, damage to 
dielectric layer 366 may be caused by etching of Si substrate 
364 during formation of trench 368. In one embodiment, 
therefore, the plasma damage includes leakage at a corner of 
a lining oxide of the STI structure. Such leakage may 
adversely affect the performance of a device that includes a 
structure such as that shown in FIG. 24. Therefore, the 
plasma damage of the test structure may be measured as 
described herein and used to monitor and control one or 
more processes used to fabricate the device in order to 
increase the yield of the process(es). The test structure 
shown in FIG. 24 may have one or more characteristics that 
are substantially the same as one or more characteristics of 
device structures (not shown) formed on the wafer. The test 
structure shown in FIG. 24 may be further configured as 
described herein. 

0275 Another embodiment of a test structure that can be 
used to assess plasma damage of a wafer, on which device 
structures configured as shown in FIG. 24 are formed, is 
shown in FIG. 25. The test structure shown in FIG. 25 
includes a portion of the wafer (e.g., Si substrate 364) 
surrounded by one or more trenches 368. In one embodi 
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ment, the one or more trenches include one or more STI 
structures. The test structure also includes pad oxide layer 
366 formed on an upper surface of the portion of the wafer. 
In addition, the test structure includes lining oxide 370 
formed on side surfaces of the portion of the wafer, side 
Surfaces of the pad oxide layer, and an upper Surface of the 
wafer in the one or more trenches. One or more electrical 
properties of the test structure can be measured and used to 
determine an index characterizing plasma damage of the test 
structure caused by a process performed on the wafer. In one 
embodiment, the one or more electrical properties include 
leakage of lining oxide 370 proximate an upper corner of the 
portion of the wafer. In some embodiments, the test structure 
includes silicon nitride layer 372 formed on pad oxide layer 
366. 

0276 A top view of two such test structures is also shown 
in FIG. 25 in which the two test structures are configured as 
AA bulk patterns 376 formed on the wafer (not shown in the 
top view of FIG. 25). In one embodiment, the test structure 
is configured as an AA bulk pattern having an area of about 
50 um by about 50 Lum. In addition, each of the bulk patterns 
shown in FIG. 25 may have dimensions of about 50 um by 
about 50 um. In the embodiment shown in FIG. 25, AA bulk 
patterns 376 include silicon nitride layer 372 and lining 
oxide 370. In some embodiments, the one or more electrical 
properties of the test structure can be measured by scanning 
one or more lines along an edge of the bulk pattern with a 
probe. For example, probe 380, which may be configured as 
described herein, may scan one or more lines 382 along the 
edge of bulk patterns 376. Measurements acquired by the 
probe during the Scanning may be used to assess plasma 
damage of the lining oxide as described further herein. For 
example, measurements acquired by the probe during scan 
ning may be used to assess STI lining oxide corner leakage. 

0277. In another embodiment, as shown in the top view 
of FIG. 26, the test structure is included in AA island pattern 
384 formed on the wafer (e.g., Si substrate 364). In one such 
embodiment, each island in the AA island pattern includes 
the test structure described above. For example, each of 
islands 386 may include one of the test structures shown in 
FIG. 25. In particular, as shown in the cross-sectional view 
of FIG. 26, each of the islands may include Si substrate 364 
and dielectric layers 366, 370, and 372 formed between 
trenches 368. However, dimensions of the test structures that 
form islands 386 may be different than dimensions of the test 
structure that forms AA bulk pattern 376 (e.g., such that the 
overall dimensions of AA island pattern are approximately 
equal to the overall dimensions of bulk pattern 376). For 
instance, the size of AA bulk pattern 376 and the size of AA 
island pattern 384 may be about 50 um by about 50 Lum. In 
particular, dimension 378 of AA island pattern 384 may be 
about 50 m, and the dimension of the AA island pattern in 
the opposite direction may be about 50 m. In one embodi 
ment, therefore, the AA island pattern has overall dimen 
sions of about 50 um by about 50 um. A pitch of islands 386 
may be about 0.05 um to about 0.2 Lum. For example, the 
pitch of islands 386 may be about 0.2 Lum. In one embodi 
ment, each island in the AA island pattern has a cell size or 
width (i.e., a width of dielectric layer 372 formed on each 
island) of about 0.05um to about 0.2 Lum. For example, a cell 
size of each of islands 386 may be about 0.1 um. Alterna 
tively, islands 386 included in pattern 384 may have dimen 
sions of about 1 um by about 1 Lum. 
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0278 In one embodiment, the one or more electrical 
properties of the test structure can be measured by perform 
ing one or more measurements on one or more islands in the 
AA island pattern using a probe (not shown in FIG. 26). In 
another embodiment, the one or more electrical properties of 
the test structure can be measured by performing one or 
more measurements on areas between islands in the AA 
island pattern using a probe. For example, a probe, which 
may be configured as described herein, may perform one or 
more measurements on one or more of islands 386 or on one 
or more areas between the islands. The measurements may 
be used to assess plasma damage as described further herein. 
In particular, the measurements may be used to assess STI 
lining oxide corner leakage. 

0279. In some embodiments, the test structure includes a 
dielectric formed in the one or more trenches. In one such 
embodiment, an upper surface of the dielectric is not in the 
same plane as an upper Surface of the pad oxide layer. One 
example of such a dielectric that may be included in the 
embodiment of the test structure described above is dielec 
tric 394 shown in FIG. 27 described further below. In one 
embodiment, the plasma damage includes damage of the pad 
oxide layer (e.g., pad oxide layer 366) due to removal of a 
silicon nitride layer (e.g., silicon nitride layer 372) from the 
pad oxide layer. Plasma damage of the pad oxide layer may 
be assess as described further herein. 

0280. In another embodiment, the test structure includes 
a dielectric formed in the one or more trenches. In one Such 
embodiment, an upper Surface of the dielectric is substan 
tially planar with an upper Surface of the pad oxide layer. 
One example of such a dielectric that may be included in the 
embodiment of the test structure described above is dielec 
tric 606 shown in FIGS. 30a, 30b, and 30c described further 
below. In some such embodiments, the plasma damage 
includes damage of the pad oxide layer (e.g., pad oxide layer 
366) due to removal of a silicon nitride layer (e.g., silicon 
nitride 372) from the pad oxide layer. In further such 
embodiments, the plasma damage includes damage of the 
pad oxide layer (e.g., pad oxide layer 366) and the dielectric 
(e.g., dielectric 606 shown in FIGS. 30a, 30b, and 30c) due 
to CMP of the dielectric. Such plasma damage of the pad 
oxide layer and the dielectric may be assessed as described 
further herein. 

0281 FIG. 27 illustrates another embodiment of a test 
structure that may be formed on a wafer and used to assess 
plasma damage of the wafer. This test structure may be 
configured as described above with respect to FIG. 24. For 
example, the test structure includes Si substrate 388. Dielec 
tric layer 390 is formed on upper surfaces of Si substrate 
388. Dielectric layer 390 may include, for example, a pad 
oxide layer. The pad oxide layer may have a thickness of 
about 50 A to about 200 A (e.g., about 100 A). Dielectric 
layer 392 is formed on surfaces of dielectric layer 390 and 
Si substrate 388 exposed during formation of a trench 
through dielectric layer 390 and into Si substrate 388. 
Dielectric layer 392 may include a lining oxide. Dielectric 
394 is formed on surfaces of dielectric layer 392 such that 
dielectric 394 substantially fills the trench. Dielectric 394 
may be, for example, an oxide layer formed by a high 
density plasma (HDP) process. The test structure shown in 
FIG. 27 may be configured as an STI structure. As shown in 
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FIG. 27, an upper surface of dielectric 394 is not in the same 
plane as an upper surface of dielectric layer 390, which may 
be a pad oxide layer. 
0282. A dielectric layer (not shown) may have been 
formed on upper surfaces of dielectric layer 390 prior to and 
during deposition of dielectric layer 394. Such a dielectric 
layer is shown in FIG. 24 as dielectric layer 372. This 
dielectric layer may be formed of, for example, silicon 
nitride. The dielectric layer may have been removed after 
formation of dielectric layer 394. The dielectric layer may 
have been removed using a process such as etch. Therefore, 
during removal of the dielectric layer, dielectric layer 390 
may be damaged due to exposure of dielectric layer 390 to 
the plasma used during the etch process. 
0283 The plasma damage of the test structure may be 
measured as described herein. For example, as shown in 
FIG. 28, the test structure may include dielectric layer 390 
formed on Si Substrate 388. As shown in FIG. 29, such a test 
structure may be configured as AA bulk pattern 396 formed 
on a wafer (not shown in FIG. 29). Therefore, the surface of 
AA bulk pattern 396 may include an upper surface of 
dielectric layer 390. Probe 398, which may be configured as 
described herein, may scan one or more lines 400 along the 
edge of bulk pattern 396. Measurements acquired by the 
probe during the Scanning may be used to assess plasma 
damage of dielectric layer 390 as described further herein. 
0284. In another example, as shown in FIG. 30, AA island 
pattern 402 may be formed on a wafer (not shown in FIG. 
30). Islands 404 included in pattern 402 may have dimen 
sions as described above. Each of the islands may include a 
test structure as shown in FIG. 28. A probe (not shown in 
FIG. 30), which may be configured as described herein, may 
perform one or more measurements on one or more of 
islands 404 and/or one or more areas between islands 404. 
The measurements may be used to assess plasma damage as 
described further herein. 

0285 FIG. 30a illustrates another embodiment of a test 
structure that may be formed on a wafer and used to assess 
plasma damage of the wafer. This test structure includes Si 
substrate 600. Dielectric layer 602 is formed on upper 
surfaces of Si substrate 600. Dielectric layer 602 may 
include, for example, a pad oxide layer. The pad oxide layer 
may have a thickness of about 50 A to about 200 A (e.g., 
about 100 A). Dielectric layer 604 is formed on surfaces of 
dielectric layer 602 and Si substrate 600 exposed during 
formation of a trench through dielectric layer 602 and into 
Si Substrate 600. Dielectric layer 604 may include a lining 
oxide. Dielectric 606 is formed on surfaces of dielectric 
layer 604 such that dielectric 606 substantially fills the 
trench. Dielectric 606 may be, for example, an oxide layer 
formed by a HDP process. As shown in FIG. 30a, an upper 
surface of dielectric 606 is substantially planar with an upper 
surface of dielectric 602, which may be a pad oxide layer. 
The test structure shown in FIG. 30a may be configured as 
an STI structure. 

0286 A dielectric layer (not shown) may have been 
formed on upper surfaces of dielectric layer 602 prior to and 
during deposition of dielectric layer 606. Such a dielectric 
layer is shown in FIG. 24 as dielectric layer 372. This 
dielectric layer may be formed of, for example, silicon 
nitride. The dielectric layer may have been removed after 
formation of dielectric layer 606. The dielectric layer may 
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have been removed using a process such as etch or strip. 
Therefore, during removal of the dielectric layer, dielectric 
layer 602 may be damaged due to exposure of dielectric 
layer 602 to the plasma used during the etch or strip process. 
In addition, unlike the test structure shown in FIG. 27, in the 
test structure of FIG. 30a, the upper surface of dielectric 
layer 606 is substantially planar with upper surfaces of 
dielectric layer 602. For example, the test structure shown in 
FIG. 27 may be processed using a CMP process such as an 
STI oxide CMP process to produce the test structure shown 
in FIG. 30a. Therefore, during the CMP process, dielectric 
layers 602 and 606 may be damaged. As such, the plasma 
damage caused by the silicon nitride strip process and CMP 
process may be assessed using the test structure shown in 
FIG. 30a. One or more electrical properties of the test 
structure may be measured as described herein. 
0287. For example, as shown in FIG. 30b, the test struc 
ture may include dielectric layer 602 formed on Si substrate 
600, dielectric layer 604 lining trenches formed through 
dielectric layer 602 and into Si substrate 600, and dielectric 
layer 606 formed on dielectric layer 604 in the trenches. A 
top view of this structure is also shown in FIG. 30b in which 
the test structure is configured as AA bulk pattern 608 
formed on a wafer. Therefore, the upper surface of AA bulk 
pattern 608 may include the upper surface of dielectric layer 
602, under which dielectric layer 604 is formed, surrounded 
by the upper surface of dielectric layer 606. A probe (not 
shown in FIG. 30b), which may be configured as described 
herein, may scan one or more lines along the edge of bulk 
pattern 608. Measurements acquired by the probe during the 
scanning may be used to assess plasma damage of dielectric 
layers 602 and 606 as described further herein. The plasma 
damage may include plasma damage caused by the Strip 
process used to remove a silicon nitride dielectric layer Such 
as dielectric layer 372 shown in FIG. 24 and a CMP process 
used to planarize dielectric 606. 
0288. In another example, more than one of the test 
structures shown in FIG. 30b may be included in test pad 
610 as shown in FIG. 30c. Each of the test structures shown 
in test pad 610 may be configured as described above. A top 
view of this test pad is also shown in FIG. 30c in which the 
test pad is configured as AA island pattern 612 formed on a 
wafer. Each of islands 614 may include one of the test 
structures shown in FIG. 30b. In particular, as shown in test 
pad 610 of FIG. 30c, each of the islands may include 
dielectric layer 602 formed on Si substrate 600, dielectric 
layer 604 lining trenches formed through dielectric layer 602 
and into Si substrate 600, and dielectric layer 606 formed on 
dielectric layer 604 in the trenches. 
0289 Dimensions of the test structures that form islands 
614 may be different than dimensions of the test structure 
that forms AA bulk pattern 608 (e.g., such that the overall 
dimensions of AA island pattern 612 are approximately 
equal to the overall dimensions of bulk pattern 608). For 
instance, the size of AA bulk pattern 608 and the size of AA 
island pattern 612 may be about 50 um by about 50 Lum. In 
particular, dimension 616 of AA island pattern 612 may be 
about 50 m, and the dimension of the AA island pattern in 
the opposite direction may be about 50 um. A pitch of islands 
614 may be about 0.05um to about 0.2 Lum. For example, in 
one embodiment, a pitch of islands 614 may be about 0.2 
um. In addition, a cell size or width of each of islands 614 
(i.e., a width of dielectric 602 included in each of islands 
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614) may be about 0.05 um to about 0.2 Lum. For example, 
a cell size of each of islands 614 may be about 0.1 um. 
0290) A probe (not shown in FIG. 30c), which may be 
configured as described herein, may perform one or more 
measurements on one or more of islands 614 and/or on one 
or more areas between the islands. The measurements may 
be used to assess plasma damage as described further herein. 
The plasma damage may include plasma damage caused by 
a strip process used to remove a silicon nitride dielectric 
layer such as dielectric layer 372 shown in FIG. 24 and a 
CMP process used to planarize dielectric layer 606. 
0291 Another embodiment of a test structure formed on 
a wafer includes an Epi layer formed on the wafer. The test 
structure also includes one or more P wells, one or more N 
wells, or a combination thereof formed through the Epilayer 
and into the wafer. One or more electrical properties of the 
test structure can be measured and used to determine an 
index characterizing plasma damage of the test structure 
caused by a process performed on the wafer. 
0292 FIG. 31 illustrates one embodiment of such a test 
structure that may be formed on a wafer and used to assess 
plasma damage of the wafer. The test structure includes one 
or more P wells, one or more N wells, or a combination 
thereof. In one such embodiment, the plasma damage 
includes plasma charging due to one or more ion implanta 
tion processes used to form the one or more P wells, the one 
or more N wells, or the combination thereof. For example, 
as shown in FIG. 31, the test structure includes Si Substrate 
406. Si substrate 406 may be a p-type Si substrate. Epilayer 
408 is formed on Si Substrate 406. P well 410 is formed in 
Epilayer 408 and Si substrate 406. In addition, N wells 412 
are formed in Epi layer 408 and Si substrate 406. P well 410 
and N wells 412 may be used to monitor plasma charging 
that takes place during the ion implantation process(es) used 
to form the P well and the N wells. In some embodiments, 
the test structure of FIG. 31 may be configured as a PWell 
and N Well WAT monitoring test pad. For example, WAT 
Semiconductor Data Analysis Software may be used to 
create a patterned test site for the C-V characteristics that are 
measured. One or more measurements may be performed on 
the test structure of FIG. 31 as described herein, and such 
measurements may be used to assess plasma damage of the 
wafer as described further herein. 

0293. In some embodiments, the test structure includes a 
dielectric layer (not shown) formed on the test structure 
shown in FIG. 31. In particular, the test structure may 
include a dielectric layer formed on the upper surface of the 
test structure shown in FIG. 31. In another embodiment, the 
test structure includes a dielectric layer formed on upper 
surfaces of the one or more P wells, the one or more N wells, 
or the combination thereof. In one such embodiment, the 
dielectric layer is not formed on an upper surface of the Epi 
layer. The dielectric layer may have any suitable composi 
tion and dimensions. The dielectric layer may be formed 
using any suitable process(es) known in the art. 
0294. In some embodiments, the test structure shown in 
FIG. 31 is configured as an AA bulk pattern (not shown). 
The AA bulk pattern may be configured as described herein. 
For example, in one embodiment, the AA bulk pattern has an 
area of about 50 um by about 50 lum. In another embodi 
ment, the one or more electrical properties include a V map 
of the AA bulk pattern. The test structure shown in FIG. 31 
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may also include only a P well or only an N well. For 
example, as shown in FIG. 31a, the test structure may 
include Si substrate 406, P well 410, and Epi layer 408, 
which may be configured as described above. In addition, 
the test structure may include dielectric layer 628 formed 
between the Epi layer and Si substrate 406 and between the 
Epilayer and Pwell 410. Dielectric layer 628 may have any 
Suitable composition and dimensions known in the art. In 
addition, dielectric layer 628 may be formed using any 
Suitable process(es) known in the art. The test structure also 
includes dielectric layer 630 formed on the upper surface of 
P well 410. In one embodiment, dielectric layer 630 is a pad 
oxide layer. Dielectric layer 630 may have any suitable 
composition and dimensions known in the art. In addition, 
dielectric layer 630 may be formed using any suitable 
process(es) known in the art. As shown in FIG. 31a, dielec 
tric layer 630 may not be formed on Epi layer 408. 
0295) The test structure may be configured as AA bulk 
pattern 632 as shown in the top view of FIG. 31a. AA bulk 
pattern 632 includes upper surfaces of dielectric layer 630 
and Epi layer 408. P well is formed in AA bulk pattern 632 
under dielectric layer 630. AA bulk pattern 632 may form 
the test pad for the test structure, and the test pad may have 
dimensions of about 50 um by about 50 lum. The test 
structure shown in FIG. 31a may be used to monitor well 
implant plasma charging. In particular, the test structure 
shown in FIG. 31a may be used to detect P well implant 
plasma charging. In one such embodiment, the measure 
ments used to assess plasma damage of the wafer include a 
V map of the test pad. In addition, one or more measure 
ments that may be performed on the test structure of FIG. 
31a may include any measurement(s) described herein. 
0296. In another example, as shown in FIG. 31b, the test 
structure may include Si substrate 406, N well 412, and Epi 
layer 408, which may be configured as described above. In 
addition, the test structure may include dielectric layer 634 
formed between the Epi layer and Si substrate 406 and 
between the Epi layer and N well 412. Dielectric layer 634 
may have any Suitable composition and dimensions known 
in the art. In addition, dielectric layer 634 may be formed 
using any Suitable process(es) known in the art. Further 
more, dielectric layer 634 may be the same as or different 
than dielectric layer 628 shown in FIG. 31a (e.g., dielectric 
layers 634 and 628 may have the same or different compo 
sitions and/or the same or different dimensions). As further 
shown in FIG. 31b, the test structure also includes dielectric 
layer 636 formed on the upper surface of N well 412. In one 
embodiment, dielectric layer 636 is a pad oxide layer. 
Dielectric layer 636 may have any suitable composition and 
dimensions known in the art. In addition, dielectric layer 636 
may be formed using any suitable process(es) known in the 
art. Furthermore, dielectric layer 636 may be the same as or 
different than dielectric layer 630 shown in FIG. 31a (e.g., 
dielectric layers 636 and 630 may have the same or different 
compositions and/or the same or different dimensions). As 
shown in FIG. 31b, dielectric layer 630 may not be formed 
on Epi layer 408. 

0297 As further shown in the top view of FIG. 31b, the 
test structure may be configured as AA bulk pattern 638. AA 
bulk pattern 638 includes upper surfaces of dielectric layer 
636 and epitaxial layer 408. N well 412 is formed in AA bulk 
pattern 636 under dielectric layer 636. AA bulk pattern 638 
may form the test pad for the test structure, and the test pad 
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may have dimensions of about 50 um by about 50 Lum. The 
test structure shown in FIG.31b may be used to monitor well 
implant plasma charging. In particular, the test structure 
shown in FIG. 31b may be used to detect N well implant 
plasma charging. In one such embodiment, the measure 
ments used to assess plasma damage of the wafer include a 
V map of the test pad. In addition, one or more measure 
ments that may be performed on the test structure of FIG. 
31b may include any measurement(s) described herein. 

0298 An additional embodiment relates to a test structure 
formed on a wafer. The test structure includes a gate 
structure formed on the wafer. One or more electrical 
properties of the gate structure can be measured and used to 
determine an index characterizing plasma damage of the 
gate structure caused by a process performed on the wafer. 

0299 FIG. 32 illustrates one embodiment of such a test 
structure in which the gate structure includes insulating 
structures formed in the wafer and a dielectric formed on 
upper Surfaces of the wafer and the insulating structures. In 
particular, the test structure includes Si substrate 414, which 
may be a p-type Si Substrate. Insulating structures 416 are 
formed in Si substrate 414. Insulating structures 416 may be 
formed of any suitable insulating material known in the art. 
In addition, insulating structures 416 may have any Suitable 
characteristics known in the art. Dielectric layer 418 is 
formed on upper Surfaces of Si Substrate 414 and insulating 
structures 416. In one embodiment, dielectric layer 418 may 
include a gate dielectric layer. In addition, dielectric layer 
418 may be formed of any suitable insulating material 
known in the art such as silicon oxide. Dielectric layer 418 
may be formed using any suitable process known in the art 
Such as deposition. One or more measurements may be 
performed on dielectric layer 418 as described herein. 

0300. In another such embodiment, the gate structure is 
configured as an AA bulk pattern on the wafer, and the one 
or more electrical properties of the gate structure are mea 
sured at approximately the center of the AA bulk pattern. For 
example, as shown in FIG. 33, AA bulk pattern 420 of the 
test structure shown in FIG. 32 may be formed on a wafer 
(not shown in FIG. 33). The upper surface of AA bulk 
pattern 420 includes the upper surface of dielectric layer 418 
surrounded by the upper surface of Si substrate 414. Probe 
422, which may be configured as described herein, may 
perform one or more measurements on dielectric layer 418. 
The one or more measurements may be performed as 
described further herein. In addition, the measurement(s) 
may be performed at one location at approximately the 
center of the AA bulk pattern. In some embodiments, the 
plasma damage includes plasma damage of the dielectric 
layer formed on upper surfaces of the wafer and the insu 
lating structures. For example, the one or more measure 
ments may be used as described further herein to assess 
plasma damage of dielectric layer 418. 

0301 In another embodiment of such a test structure, the 
gate structure includes a gate dielectric structure formed on 
the wafer and a gate electrode structure formed on the gate 
dielectric structure. In one Such embodiment, the plasma 
damage includes plasma damage of the gate electrode struc 
ture. FIG. 34 illustrates one embodiment of such a test 
structure. In this embodiment, the test structure includes Si 
substrate 426. Si substrate 426 may be, for example, a p-type 
Si Substrate. Gate dielectric structure 428 is formed on Si 
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substrate 426. Gate dielectric structure 428 may be formed 
of any Suitable material known in the art Such as silicon 
dioxide. In addition, gate electrode structure 430 is formed 
on gate dielectric structure 428. Gate electrode structure 430 
may be formed of any suitable material known in the art 
Such as polysilicon. Gate dielectric structure 428 and gate 
electrode structure 430 may be formed in any processes 
known in the art such as deposition followed by lithography 
and etch. One or more measurements may be performed on 
the test structure shown in FIG. 34, and the measurement(s) 
may be used to assess plasma damage of the wafer. 

0302) The gate structure shown in FIG. 34 may be 
configured as an AA bulk pattern on the wafer. For example, 
as shown in FIG. 35, an upper surface of AA bulk pattern 
432 includes an upper surface of gate electrode structure 430 
formed on Si substrate. Probe 436, which may be configured 
as described herein, may be used to perform one or more 
measurements on the gate electrode structure in AA bulk 
pattern 432. In addition, probe 436 may be used to perform 
one or more measurements at one location in the AA bulk 
pattern. The location at which measurement(s) are per 
formed may be located at approximately the center of the AA 
bulk pattern. The one or more measurements may be used as 
described further herein to assess plasma damage of gate 
electrode structure 430. 

0303. In some embodiments, the test structure is included 
in an array of test structures arranged in an AA island pattern 
on the wafer. For example, as shown in FIG. 36, AA island 
pattern 438 includes islands 440, each of which may include 
the test structure shown in FIG. 34 formed on substrate 426. 
Probe 442, which may be configured as described herein, 
may be used to perform one or more measurements of Si 
substrate 426 between islands 440. Probe 442 may also or 
alternatively be used to perform one or more measurements 
on one or more of the islands. In addition, probe 442 may be 
used to perform one or more measurements at one location 
in AA island pattern 438. The location may be the location 
of the probe shown in FIG. 36 or another location of the 
probe between islands 440. The one or more measurements 
may be used as described further herein to assess plasma 
damage of gate electrode structure 430. 

0304. In some embodiments, the test structure shown in 
FIG. 34 may be substantially similar to a device structure 
(not shown) that is also formed on the wafer. For example, 
in one embodiment, the gate structure has one or more 
characteristics that are Substantially the same as one or more 
characteristics of a device structure formed on the wafer. 
However, for a device structure configured similarly to the 
test structure shown in FIG.34, a different test structure may 
be used to measure one or more properties of the device 
Structure. 

0305. In one embodiment of the test structure, the gate 
structure includes a gate dielectric structure formed on the 
wafer, a gate electrode structure formed on the gate dielec 
tric structure, and STI structures formed in the wafer and 
partially underlying the gate electrode structure. One 
embodiment of such a test structure is shown in FIG. 36.a. As 
shown in FIG. 36a, the test structure includes Si substrate 
426, gate dielectric structure 428, and gate electrode struc 
ture 430, which may be configured as described above. In 
addition, the test structure includes STI oxide structures 640 
formed in Si Substrate 426 and partially underlying gate 
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electrode structure 430. The STI oxide structures may have 
any Suitable composition and dimensions known in the art. 
In addition, the STI oxide structures may be formed using 
any suitable process(es) known in the art. The STI oxide 
structures may be further configured as described herein. 
0306 In one such embodiment, an area of the test struc 
ture shown in FIG. 36a defined by an area of the gate 
dielectric structure is used as a test pad for measurement of 
the one or more electrical properties. In one such embodi 
ment, the test pad has an area of about 50 um by about 50 
um. A top view of the test structure of FIG. 36a is shown in 
FIG. 36b. In particular, the test structure includes gate 
dielectric structure 428 formed under gate electrode struc 
ture 430 surrounded by STI oxide structure 640. The test 
structure shown in FIGS. 36a and 36b may be used for thin 
gate in-line electrical monitoring under polysilicon. In one 
embodiment, the process performed on the wafer that caused 
the plasma damage characterized by the index includes a 
polysilicon etch process. In particular, the test structure 
shown in FIGS. 36a and 36b may be used for applications 
Such as thin gate electrical property post polysilicon etch. In 
an additional Such embodiment, the one or more electrical 
properties include EOT of the gate dielectric structure. In 
another Such embodiment, the one or more electrical prop 
erties include J index of the gate dielectric structure. The 
measurements may be performed as described further 
herein. In addition, the test structure shown in FIGS. 36a and 
36b may be further configured as described herein. 
0307 In another embodiment of the test structure, the 
gate structure includes patterned gate dielectric structures 
formed on the wafer, a gate electrode structure formed 
across all of the patterned gate dielectric structures, and STI 
structures formed within the wafer in areas of the wafer 
above which the patterned gate dielectric structures are not 
formed. One embodiment of such a test structure is shown 
in FIG. 36c. In this embodiment, the test structure includes 
Si substrate 426 and patterned gate dielectric structures 642 
formed on Si substrate 426. Patterned gate dielectric struc 
tures 642 may have any composition and dimensions known 
in the art. Patterned gate dielectric structures 642 may be 
formed using any suitable process(es) known in the art. Gate 
electrode structure 644 is formed across all of the patterned 
gate dielectric structures. Gate electrode structure 644 may 
be further configured as described above with respect to gate 
electrode structure 430. In addition, the test structure shown 
in FIG. 36c includes STI oxide structures 646 formed in Si 
substrate 426. At least some of the STI oxide structures are 
formed in areas of the substrate between areas of the 
Substrate on which two neighboring patterned gate dielectric 
structures are formed. STI oxide structures 646 may have 
any Suitable composition and dimensions known in the art. 
In addition, STI oxide structures 646 may be formed using 
any suitable process(es) known in the art. STI oxide struc 
tures 646 may be further configured as described herein. 
0308. In one such embodiment, an area of the test struc 
ture shown in FIG. 36c defined by an area of the gate 
electrode structure is used as a test pad for measurement of 
the one or more electrical properties. In some such embodi 
ments, the test pad has an area of about 50 um by about 50 
um. A top view of the test structure of FIG. 36c is shown in 
FIG. 36d. In particular, the test structure includes patterned 
gate dielectric structures 642 formed under gate electrode 
structure 644 surrounded by STI oxide structures 646. A 
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pitch of the test structure shown in FIGS. 36c and 36d (e.g., 
the distance between the center of one of the patterned gate 
dielectric structures and the center of a neighboring pat 
terned gate dielectric structure) may be about 0.05 um to 
about 0.2 Lum. For example, the pitch of the test structure 
may be about 0.2 Lum. In another embodiment, a width of 
each of the patterned gate dielectric structures shown in 
FIGS. 36c and 36d is about 0.05 um to about 0.2 um. For 
example, the lateral dimensions of the patterned gate dielec 
tric structures shown in FIGS. 36c and 36d may be about 0.1 
um by about 0.1 um. 

0309. In some embodiments, the plasma damage includes 
integrity of the patterned gate dielectric structures. In an 
additional embodiment, the process includes a polysilicon 
etch process. For example, the test structure shown in FIGS. 
36c and 36d may be used for gate oxide integrity (GOI) 
impact by gate etch after polysilicon patterning. In particu 
lar, the test structure shown in FIGS. 36c and 36d may be 
used for applications such as gate leakage due to gate etch 
after polysilicon patterning. The measurements may be 
performed to measure one or more electrical properties of 
the gate dielectric structure such as J index and gate 
leakage. The measurements may be performed as described 
further herein. In addition, the test structure shown in FIGS. 
36c and 36d may be further configured as described herein. 

0310. In a further embodiment of the test structure, the 
gate structure includes a gate dielectric structure formed on 
the wafer, a polysilicon finger pattern formed on the gate 
dielectric structure, and an STI structure formed within the 
wafer in an area of the wafer Surrounding the gate dielectric 
structure. In one such embodiment, as shown in FIG. 37, the 
test structure includes polysilicon finger pattern 444 formed 
on gate dielectric structure 443. In some embodiments, the 
polysilicon finger pattern is configured as a serpentine 
structure. Polysilicon finger pattern 444 may have any 
Suitable characteristics known in the art such as pitch, width, 
spacing, thickness, etc. In one example, polysilicon finger 
pattern 444 may have a pitch of about 0.2 Lum. Gate dielectric 
structure 443 is formed on Si substrate 445 and may be 
surrounded by STI oxide structure 447. Gate dielectric 
structure 443 may be formed of any suitable material known 
in the art such as silicon oxide. In addition, Si substrate 445 
may be replaced with a conductive layer that serves as a 
grounding pad. Such a conductive layer may be further 
configured as described herein (e.g., as described with 
respect to conductive layer 36 shown in FIG. 1). 

0311. In some embodiments, the one or more electrical 
properties of the gate structure can be measured on a 
polysilicon test area of the polysilicon finger pattern. For 
example, probe 446, which may be configured as described 
herein, may be used to perform one or more measurements 
on polysilicon finger pattern 444. The measurement(s) may 
be performed at one location in the polysilicon finger pattern 
(e.g., on polysilicon test area 441 coupled to polysilicon 
finger pattern 444). This location may be the location of the 
probe shown in FIG. 37. Alternatively, the measurement(s) 
may be performed at any other suitable location in the 
polysilicon finger pattern and/or the polysilicon test area. 

0312 Although polysilicon test area 441 is shown in FIG. 
37 formed above gate dielectric structure 443, in other 
embodiments (not shown), polysilicon test area 441 may be 
formed above STI oxide structure 447. In other words, STI 
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oxide structure 447 shown in FIG. 37 may be altered such 
that it extends under polysilicon test area 441. In addition, 
although polysilicon finger pattern 444 is shown in FIG. 37 
as a serpentine structure, in other embodiments, the poly 
silicon finger pattern is configured as a series of lines (not 
shown). Each of the lines is coupled to polysilicon test area 
441 of the polysilicon finger pattern by a line coupled to an 
end of each of the series of lines. In one such embodiment, 
a dimension of the test pad across the series of lines and the 
polysilicon test area may be about 80 um. In addition, the 
polysilicon finger pattern may have an area of about 50 um 
by about 50 Lum. A pitch of the polysilicon finger pattern may 
be about 0.05 um to about 0.2 Lum. In addition, a line width 
of each polysilicon finger may be about 0.05um to about 0.2 
um. The polysilicon test area may have dimensions of about 
20 um by about 20 um to about 30 um by about 30 um. 
Furthermore, a test structure that includes a polysilicon 
finger pattern that includes a series of lines may not include 
STI oxide structures 447. 

0313 The one or more measurements may be used as 
described further herein to assess plasma damage of poly 
silicon finger pattern 444. In one embodiment, the plasma 
damage includes plasma damage of the gate dielectric 
structure caused by a polysilicon etch process. For example, 
the one or more measurements may be used to assess plasma 
damage of the gate dielectric structure that is caused by a 
polysilicon etch process. In particular, the measurements 
may be used to assess the GOI impact due to a polysilicon 
etch process. In some embodiments, the one or more elec 
trical properties of the gate structure include leakage of the 
gate dielectric structure. In one such example, the measure 
ments may be used to monitor leakage of the gate dielectric 
structure caused by the plasma damage. In another embodi 
ment, the one or more electrical properties of the gate 
structure include leakage index of the gate dielectric struc 
ture. In one Such example, the measurements may include 
measuring the J index. In a further embodiment, the one or 
more electrical properties can be measured by depositing a 
charge on a polysilicon test area of the polysilicon finger 
pattern. In one such embodiment, the one or more electrical 
properties include leakage current, and the plasma damage 
includes edge damage of the gate electrode structure due to 
a polysilicon etch process. For example, after a polysilicon 
etch process, a charge may be deposited on the polysilicon 
test area to measure leakage current. The leakage current can 
be used to monitor polysilicon etch gate edge damage. The 
test structure shown in FIG.37 may be used to monitor many 
plasma etch processes after the polysilicon has been etched 
such as polysilicon etch, spacer etch, RPO etch, metal etch, 
etc. 

0314. In another embodiment, the gate structure includes 
a gate dielectric structure formed on the wafer. The gate 
dielectric structure may be configured as described herein. In 
one such embodiment, the plasma damage includes plasma 
damage of the gate dielectric structure due to an ion implan 
tation process. For example, further processing of a device 
structure configured similarly to the test structure shown in 
FIG. 34 may include an ion implantation process Such as a 
n-type lightly doped drain (NLDD) implantation process 
that may involve implanting ions into gate electrode struc 
ture 430 and a portion of Si substrate 426 on both sides of 
the gate electrode/gate dielectric stack structure. The NLDD 
implantation process may include any suitable NLDD 
implantation process known in the art. In one Such embodi 
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ment, the test structure shown in FIG. 37 can be used to 
assess GOI impact due to the NLDD implantation process. 
For instance, the J index orgate leakage of the test structure 
shown in FIG. 37 may be measured and used to assess the 
impact on GOI by the NLDD implantation process. 

0315. In a further embodiment, the gate structure 
includes a gate dielectric structure formed on the wafer. The 
gate dielectric structure may be configured as described 
herein. In one Such embodiment, the plasma damage 
includes plasma damage of the gate dielectric structure due 
to one or more etch processes used to form one or more 
spacers on the gate structure. For example, after an NLDD 
implantation process described above is performed on the 
device structure configured similarly to the test structure 
shown in FIG. 34, one or more spacers (not shown) may be 
formed on side walls of the gate electrode/gate dielectric 
stack structure. For example, a first spacer may be formed on 
and in contact with the side walls of the gate electrode?gate 
dielectric stack structure. The first spacers may be formed of 
any suitable dielectric material known in the art such as a 
tetraethylorthosilicate (TEOS). A second spacer may be 
formed on and in contact with the outer side walls of the first 
spacers. The second spacers may be formed of any Suitable 
dielectric material known in the art Such as silicon nitride. 
The first and second spacers may have any suitable dimen 
sions known in the art. In addition, the first and second 
spacers may have Substantially the same dimensions or 
different dimensions. The first and second spacers may be 
formed using any suitable processes known in the art. For 
example, forming the first spacers may include depositing a 
dielectric material over a device structure configured simi 
larly to the test structure shown in FIG. 34 and etching the 
dielectric material such that after the etch process the 
dielectric material remaining on the device structure is 
substantially limited to the dielectric material formed on the 
side walls of the gate electrode/gate dielectric stack struc 
ture. 

0316. In one such embodiment, such one or more spacers 
(not shown) may be formed on the side walls of the 
polysilicon finger pattern and polysilicon test area of the test 
structure shown in FIG. 37. The test structure shown in FIG. 
37 may be further configured as described herein. In this 
manner, one or more electrical properties of the test structure 
shown in FIG. 37 such as J index or gate leakage may be 
measured and used to assess the GOI impact due to the etch 
processes used to form the one or more spacers. The one or 
more measurements may be performed as described further 
herein. 

0317. After one or more spacers are formed on a device 
structure configured similarly to the test structure shown in 
FIG. 34, one or more ion implantation processes may be 
performed on the device structure. For example, the one or 
more ion implantation processes may include implanting N 
ions (not shown) into the gate electrode structure and 
implanting ions (not shown) into areas of the Si Substrate 
proximate to the outer side walls of the one or more spacers 
to form the Source and drain of the gate. 

0318. In one such embodiment, a test structure config 
ured as shown in FIG. 37 on which the one or more spacers 
described above are formed may also be subject to the one 
or more ion implantation processes described above. In this 
manner, one or more electrical properties of the test structure 
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shown in FIG. 37 Such as Jg index or gate leakage may be 
measured and used to assess the GOI impact due to the one 
or more ion implantation processes. The one or more mea 
surements may be performed as described further herein. 
0319 Measuring the plasma damage of a test structure 
caused by a process provides important information in 
semiconductor device manufacturing. For example, existing 
methods for measuring dielectric film electrical properties 
are performed on blanket monitor wafers that are processed 
under the same conditions as the product wafers. In contrast, 
in the embodiments of the methods described herein, since 
the plasma damage can be measured in-die or on test 
structures formed on a patterned or product wafer, the 
plasma damage information may provide a much more 
meaningful and accurate measure of the plasma damage. 
The methods described herein may also include monitoring 
one or more parameters of the process using the index. 
Therefore, the index can be used to determine how much 
plasma damage has been caused by the process and to 
determine if the performance of the process is changing over 
time. 

0320 The method may also include altering one or more 
parameters of a process tool based on the index. The process 
tool is preferably the process tool that performed the process 
on the wafer. For example, the process tool may be an etch 
tool. The index may indicate that one or more parameters of 
the process tool should be altered and possibly how the one 
or more parameters of the process tool should be altered in 
order to correct the process. One or more parameters of the 
process tool may be altered in any manner known in the art. 
The one or more parameters of the process tool that are 
altered may include any parameters of the process tool and 
preferably any parameter(s) that affect plasma damage of the 
wafer. As such, the methods described herein provide a 
Solution for in-line plasma process monitoring and plasma 
tool optimization. In addition, the methods described herein 
have an excellent time to results and are relatively inexpen 
sive, particularly in comparison to other methods for assess 
ing plasma damage of a wafer. 
0321. As described further above, the test structures that 
are used to assess plasma damage may be located at different 
positions on a wafer. In this manner, the plasma damage 
across the wafer may be assessed, which may also provide 
important information about the performance of the process. 
For example, if one portion of a layer is more damaged by 
a plasma process, the results of the methods described herein 
may indicate important non-uniformities in the process 
performance across the wafer. In addition, the test structures 
that are used to assess the plasma damage may include 
structures that are differently configured as described above. 
In this manner, different test structures may be used to assess 
different amounts of plasma damage that may be occurring 
on a single wafer in a single process. 
0322 The methods described above may also be used to 
assess damage of structures on a wafer caused by other 
processes. Examples of processes that can be evaluated, 
monitored, and altered as described above include processes 
that involve heating the wafer at relatively low temperatures. 
Any other processes that may cause damage to structures on 
a wafer may be evaluated, monitored, and altered as 
described above. 

0323 FIG. 38 illustrates one embodiment of a system 
that is configured to determine a property of a wafer. The 
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system may be used to measure one or more electrical 
properties of the test structures described herein. The system 
may also be used to measure one or more electrical prop 
erties of the test structures formed on a patterned or product 
wafer. In addition, the system shown in FIG.38 may be used 
to measure the one or more electrical properties of a test 
structure for assessing plasma damage of a wafer as 
described above. The system is configured to measure the 
properties of the test structures or other structures on a wafer 
using a non-contact measurement technique. 
0324. The system may optionally include view optics 
448. View optics 448 may be configured as dual magnifi 
cation optics with magnifications of 5x and 15x. The mag 
nification may be changed, however, within a range of 1x to 
20x. The view optics may also include a relatively fast auto 
focus system that may be used for coarse approach. Actua 
tion time may be less than about 0.5 seconds for auto 
focusing. The dual magnification may be used to perform 
deskew, as well as pattern recognition. For example, the 
view optics may include pattern recognition capability to 
locate structures on a wafer (not shown in FIG. 38). In this 
manner, view optics 448 may be configured to locate a 
predetermined measurement site on a wafer Such that a 
focused spot and a measurement spot may be positioned 
proximate the predetermined measurement site. The prede 
termined measurement site may include one or more of the 
test pads and/or one or more of the test structures described 
herein. 

0325 As shown in FIG. 38, the system also includes 
corona source 450. Corona source 450 may be a high voltage 
corona Source located in relatively close vicinity to a probe 
of the system. Aperture 452 may be held (and may be biased) 
in front of the corona source to reduce the spot size of the 
corona Source. In this manner, corona Source 450 may be a 
focused corona Source Such that the charge generated by the 
corona Source is directed onto a focused spot. The focused 
spot may have lateral dimensions as described herein. 
Capacitive coupling of the aperture to the wafer may set the 
gap. The distance setting may be controlled by lift actuator 
454. Fine position actuator 456 may be configured to control 
the relative position between the wafer and aperture 452. 
The corona Source may be configured as a wire source, a 
blanket source, or a needle source. The corona Source may 
be further configured as described herein. 

0326 In an alternative embodiment, the system may 
include a non-corona Source (not shown) that is configured 
to deposit a charge on the specimen. Examples of appropri 
ate non-corona Sources include, but are not limited to, an 
electron beam source and an ion beam source. In addition, 
the system shown in FIG. 38 may include more than one 
Source (not shown) that is configured to deposit a charge on 
the wafer. The charge deposition sources may include mul 
tiple sources of the same type (e.g., multiple corona 
Sources), differently configured sources of the same type 
(e.g., differently configured corona Sources), or different 
types of Sources (e.g., a corona Source and an electron beam 
Source). 
0327. The system may also include a sensor such as a 
work function sensor, which may include a Kelvin Force 
Probe, an Electrostatic Force Probe, a Kelvin Force Probe 
based on an Electrostatic Force Detector or any other 
appropriate sensor Such as a Monroe Probe and an atomic 
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force microscopy (AFM) type probe. A Kelvin Force Probe 
is generally known in the art. Basically, the probe is sensitive 
to Surface potential variations. In one example, the probe 
includes oscillating cantilever 458. Relatively dull tip 460 is 
coupled to cantilever 458 at a far end of the cantilever. Tip 
460 may have a diameter of about 5 um to about 50 lum. 
Such a probe may provide advantages over normal Electro 
static Force microscope detectors, which are based on AFM 
technology. For example, the tip of an AFM is required to be 
extremely sharp. Therefore, a radius of Such a tip may not be 
controlled reproducibly. Alternatively, because a tip of the 
probe described above is relatively dull, a radius of the tip 
may be controlled reproducibly. In addition, due to the larger 
radius of the tip, a better signal to noise ratio may be 
expected for electrostatic force measurements than measure 
ments of a probe of an AFM. In an alternative embodiment, 
the probe may have an elastically deformable conductive tip. 
An example of such a probe is illustrated is PCT Application 
No. WO 01/29568 A1 to Mazur et al., which is incorporated 
by reference as if fully set forth herein. The work function 
sensor may be used for non-contact Voltage measurements 
as described herein. In addition, the work function sensor 
may be used for contact voltage measurements. 
0328. The other end of the cantilever is coupled to carrier 
base 462. The carrier base may be removable and may reside 
on a kinematical mounted base. The cantilever may also be 
coupled to bimorph piezoelectric actuator (PZT) 464, which 
may drive the cantilever at a resonance of for example, 
about 100 kHz to about 500 kHz, or about 300 kHz. In 
addition, PZT 464 may drive the cantilever such that the 
Voltage measurements can be performed at a frequency of 
about 0 MHz to about 1 MHz. Therefore, the voltage 
measurements may be performed across a Substantially 
broad range of frequencies. Different frequencies may be 
used for voltage measurements of different structures. For 
instance, Voltage measurements performed at relatively high 
frequencies may be particularly Suitable for test structures 
having relatively small dimensions (e.g., a critical dimen 
sion (CD) of device structures formed on the wafer). The 
probe tip may be arranged proximate to a surface of the 
wafer. For example, the probe tip may be arranged about 1 
um away from the Surface of the wafer. The system may 
include stacked PZT 466, which is configured to move the 
probe away from or towards the wafer. 
0329. The system may also include coarse positioning 
actuators 468 coupled to the cantilever. Coarse actuators 468 
may be configured to alter a location of laser 470 on the back 
Surface of the cantilever. An example of appropriate coarse 
actuators may include, but are not limited to, V-focus motors 
that may be turned off while retaining their location. The 
system may also include optical viewing system 472, which 
may provide output signals to actuators 468. For example, 
optical viewing system 472 may be used to detect a position 
of the probe relative to the laser and provide an output signal 
responsive to the relative positions to the actuators. An 
example of an appropriate optical viewing system may 
include an infrared charge-coupled device (CCD) camera, 
which may be configured to detect light having wavelengths 
from about 400 nm to about 2 Lum. Filters may also be 
coupled to the camera to select the wavelengths of light that 
may be detected by the camera. In this manner, optical 
viewing system 472 and actuators 468 may be used to 
automatically position the probe under laser 470. Further 
more, by positioning laser 470 on the backside of the 
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cantilever, light from the laser may impinge upon the 
cantilever but not upon the wafer. In addition, the cantilever 
may have a substantially reflective surface such that light 
from the laser does not pass through the cantilever. For 
example, the surface of the cantilever may be coated with 
aluminum. 

0330 Upon capacitive coupling of the tip with the sur 
face of the wafer, the oscillation frequency and phase of 
movement of the probe may vary. The shift in the oscillation 
frequency and phase may be proportional to a surface 
potential of a test structure formed on a wafer. The system 
also includes detector 474. Detector 474 may be configured 
to detect light from laser 470 reflected from the back surface 
of the cantilever. In this manner, the detector may detect 
changes in the reflected light due to changes in the oscilla 
tion frequency and phase of the probe. An appropriate 
detector may include, but is not limited to, a Quad detector 
and a piezoresistive element. Coarse positioning actuators 
476 may be coupled to detector 474. Coarse positioning 
actuators 476 may be configured to alter a location of 
detector 474 to increase the detector signal. An example of 
appropriate coarse positioning actuators may include, for 
example, V-focus motors which can be turned off while 
retaining their location. Alternatively, laser 470 and detector 
474 may be replaced with a tuning fork. A tuning fork may 
be configured to measure a shift in the position of the 
cantilever relative to free space. 
0331 The system shown in FIG. 38 may also include 
focused light source 478. Focused light source 478 may 
include a laser having a predetermined spot size. Alterna 
tively, focused light source 478 may include any light source 
known in the art coupled to one or more other optical 
elements such as lenses. The other optical elements may be 
configured to alter and/or reduce a spot size of the light 
Source. In this manner, the focused light Source may be 
configured to generate a photovoltage within a focused spot 
on a wafer. Focused light source 478 may over illuminate the 
specimen/probe junction. The light source may be config 
ured to provide a pulsed or Substantially continuous beam of 
light. Broadband, multi-wavelength, or multiple light 
Sources may be used to deliver multiple frequencies of light 
to the junction. 

0332 The Kelvin Force Probe sensor may be substan 
tially transparent to light wavelengths used for inducing 
photovoltage effects in the wafer. For example, wavelengths 
of about 1.3 um may be selected to induce a photovoltage in 
the wafer. Therefore, instead of side illumination shown in 
FIG. 38, the light source may be configured to direct light 
through Kelvin Force Probe tip 460. In case of either side or 
top illumination, the probe material or its physical arrange 
ment may be selected such that the probe itself is not 
affected by light from light source 478. In this manner, light 
Source 478 may not cause a photovoltage in the probe 
thereby reducing unwanted biasing of the probe. A timing of 
the measurement may be selected Such that any possible 
probe self-induced photovoltage effects may be neglected. 
In addition, selecting a probe material with appropriate 
doping levels, for example, may control the probe self 
induced photovoltage timing. The effects of a probe photo 
voltage may be modeled, and the effect of this photovoltage 
on the measurements may be determined. In this manner, the 
measurement may be corrected for Such a photovoltage. The 
Voltage measurements performed by the system may be 
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collected in a point format or a map format. In other words, 
the Voltage measurements may be performed at specific sites 
on a wafer, or the system may scan across the wafer during 
Voltage measurements. 

0333 Systems and methods described further herein may 
be used to enhance the performance of a contactless charge 
based measurement system for patterned wafers. The sys 
tems and methods described herein may be used in combi 
nation with systems and methods described in co-pending, 
commonly assigned U.S. patent application Ser. No. 10/701, 
112 filed Nov. 4, 2003, by Samsavar et al., which is 
incorporated by reference as if fully set forth herein. The 
enhancements described herein include improvements to the 
corona Source, Kelvin probe, measurement chamber, prepa 
ration and control of the wafer Surface, Surface photovoltage 
(SPV) measurements, and combinations of the contactless 
charge-based measurements with other analytical modules 
to characterize one or more properties of a product wafer. 

0334 On embodiment of a system that is configured to 
control deposition of a charge on a wafer for measuring one 
or more electrical properties of a wafer is illustrated in FIG. 
39. As shown in FIG. 39, the system includes corona source 
480 that is configured to deposit the charge on the wafer. The 
corona Source may include needle 482 coupled to Voltage 
Source 484. The corona Source may also include one or more 
conductive electrodes such as conductive electrodes 486. 
Each of the electrodes may be maintained at a different 
voltage, or each of the electrodes may be maintained at 
Substantially the same Voltage. Alternatively, the conductive 
electrodes may be replaced with insulators. The corona 
Source may also optionally include insulator 488, which may 
surround the conductive electrodes (or alternative insula 
tors) and needle 482. In Such configurations, corona species 
may exit the source through opening 490, or deposition 
aperture, and charged ions may be deposited onto a surface 
of a wafer (not shown) disposed proximate the opening. For 
example, the wafer may be disposed upon chuck 492, which 
may be coupled to grounding contact 494, and may be 
further configured as described above. The terms "chuck' 
and 'stage' are used interchangeably herein. 

0335 The system also includes sensor 496 that is con 
figured to measure one or more conditions within the corona 
Source. In one embodiment, the one or more conditions that 
are measured by sensor 496 include one or more properties 
of one or more chemical species (not shown) in the corona 
Source. In addition, the system may include one or more 
sensor elements integrated in discharge chamber 498 of 
corona Source 480 to monitor the species in the corona 
Source. One example of an appropriate sensor for monitor 
ing one or more chemical species in the corona Source 
includes a thin or thick film gas sensor. Such a sensor may 
include a heating element (not shown) to enhance the 
performance of the sensor. Different sensors may be 
included in the corona source, and each of the different 
sensors may be configured to measure one or more proper 
ties of different gases. 

0336. The system includes control subsystem 500 that is 
configured to alter one or more parameters of the corona 
Source based on the one or more conditions. For example, 
control subsystem 500 is coupled to sensor 496 by trans 
mission medium 502. The transmission medium may 
include any appropriate transmission medium known in the 
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art. In addition, one or more components (not shown) may 
be interposed between the sensor and the control subsystem 
Such as an analog-to-digital converter. Control Subsystem 
500 may also be coupled to one or more components of the 
corona source. For instance, as shown in FIG. 39, control 
subsystem 500 may be coupled to voltage source 484 by 
transmission medium 504. This transmission medium may 
also include any appropriate transmission medium known in 
the art. The control subsystem may be coupled to one or 
more other components of the corona Source in a similar 
manner. The control Subsystem is configured to receive 
signals from sensor 496 and any other such sensors included 
in the system and to adjust one or more operating parameters 
of the corona Source. Operating parameters that may be 
altered by the control subsystem may include, but are not 
limited to, discharge Voltage, Voltages on the focusing 
elements of the corona source (not shown in FIG. 39), and 
gas composition in discharge chamber 498. 

0337 Another embodiment of a system that is configured 
to control deposition of a charge on a wafer for measuring 
one or more electrical properties of the wafer is illustrated in 
FIG. 40. As shown in FIG. 40, the system includes corona 
source 480, which may be configured as described above. 
For example, the corona source may include needle 482 
coupled to voltage source 484, conductive electrodes 486, 
insulator 488, and opening 490. The systems also includes 
chuck 492 coupled to grounding contact 494, which may be 
further configured as described above. 

0338. In this embodiment, the system includes a sensor 
that is not disposed within the discharge chamber of the 
corona Source. Instead, this embodiment of the sensor is 
configured to measure the one or more conditions in the 
corona Source using an optical technique. In particular, the 
sensor includes light source 506, which is configured to 
direct light into discharge chamber 498 through window 508 
disposed within an opening formed in insulator 488 and 
conductive electrodes 486. Window 508 may be formed of 
a material that will transmit a relatively large portion of the 
light generated by the light source. The material of the 
window may be selected such that the window may or may 
not alter one or more characteristics (e.g., polarization) of 
the light from the light source. The light Source may include 
any Suitable light source known in the art. For instance, the 
light source may be selected Such that the light is at least 
partially absorbed by the one or more chemical species in 
discharge chamber 498. 

0339) The sensor also includes detector 510, which is 
configured to detect light transmitted through window 512. 
Window 512 may be configured as described above and may 
be disposed within an opening formed in insulator 488 and 
conductive electrodes 486. The detector may include any 
appropriate detector known in the art and may vary depend 
ing on the type of measurements that are performed. The 
sensor may be configured to monitor one or more conditions 
in the corona Source using any appropriate technique known 
in the art such as atomic emission spectroscopy, laser 
induced fluorescence, and Fourier Transform Infrared 
(FTIR) spectroscopy. 

0340. The sensor shown in FIG. 40 may include a number 
of additional optical components (not shown) such as, but 
not limited to, mirrors, lenses, and any other Suitable refrac 
tive and/or reflective optical components known in the art. 
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In the embodiment shown in FIG. 40, the light is coupled to 
and from the corona Source through free space propagation. 
However, the sensor may include one or more fiber optics 
components that are configured to couple the light to and 
from the corona Source. 

0341 In the embodiment shown in FIG. 40, the body of 
the corona Source includes optical windows that can be used 
to monitor the chemical composition of the discharge of the 
corona Source. However, in some embodiments, these opti 
cal windows may be eliminated from the corona Source 
body. In such embodiments, the materials of the corona 
source body and/or the wavelengths at which the light 
Source and the sensor operate may be selected Such that light 
may be transmitted through the body of the corona Source. 
0342. The system shown in FIG. 40 includes a control 
subsystem (such as that shown in FIG. 39), which is coupled 
to the optical sensor. In particular, the control Subsystem 
may be coupled to detector 510 by a transmission medium 
as described above. In this manner, the control Subsystem 
may be configured to receive output from detector 510, 
which is representative of one or more conditions in the 
corona Source Such as one or more properties of one or more 
chemical species in the corona Source. In addition, the 
control Subsystem may be configured to alter one or more 
parameters of the corona Source based on the output from the 
detector. The control subsystem may be configured to alter 
one or more of the parameters described above in response 
to the output. In this manner, results of spectroscopic analy 
sis may be used to adjust one or more operating parameters 
of the corona Source. Operating parameters that may be 
altered by the control subsystem may include, but are not 
limited to, discharge Voltage, Voltages on the focusing 
elements of the corona source (not shown in FIG. 40), and 
gas compositions. 

0343. In another embodiment, the system may include an 
optical Subsystem that is configured to control a reaction in 
the corona Source. The optical Subsystem may include light 
source 506 and window 508. The light source and the 
window may be configured as described above. In some 
embodiments, the light source and the window may also be 
used to monitor the one or more conditions in the corona 
source as described above in combination with window 512 
and detector 510. In some such embodiments, the light 
Source may have selectable characteristics such as wave 
length such that different wavelengths can be used for 
monitoring and reaction control. Alternatively, the optical 
Subsystem may include one or more optical components (not 
shown) such as filters that can be used to select the one or 
more characteristics of the light that is transmitted into the 
discharge chamber of the corona Source for monitoring and 
reaction control. In another alternative, the optical Sub 
system may include two light sources (not shown) both of 
which are configured to direct light into the discharge 
chamber of the corona source through window 508. One of 
the light sources may be used for reaction control, and the 
other light source may be used for monitoring one or more 
conditions in the discharge chamber. In this manner, the light 
that is transmitted into the discharge chamber may be used 
to photo-initiate one or more chemical reactions. Light 
Sources that are Suitable for photo-initiating one or more 
chemical reactions in the discharge chamber of the corona 
Source include, but are not limited to, pulsed or continuous 
(CW) lasers (tunable or fixed frequency) and pulsed or CW 
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broadband sources. The reactions that are photo-initiated in 
this manner may include any Suitable reactions known in the 
art. 

0344) In some embodiments, the one or more parameters 
of the corona source that are altered based on the one or 
more conditions measured by the sensor include one or more 
parameters of one or more gas flow devices coupled to the 
corona source. FIGS. 41-43 illustrate one embodiment of a 
corona Source coupled to gas flow devices, of which one or 
more parameters may be altered by the control Subsystem 
described above. In particular, corona source 514 includes 
needle 516, which may be configured as described above. 
The needle is disposed within discharge chamber 518 within 
housing 520. Ports 522 are coupled to housing 520 such that 
gases may be introduced into or removed from discharge 
chamber 518 through the ports. As shown in FIGS. 41-43, 
three ports are coupled to the housing of the corona Source. 
However, any suitable number of ports may be coupled to 
the housing of the corona Source. For example, in the 
embodiments shown in FIGS. 41-43, two of the ports 
coupled to the housing may include one for introduction of 
one or more gases and one for exhaust of one or more gases 
in the discharge chamber. Alternatively, more than one port 
may be coupled to the housing, each of which is used for 
introduction of different gases to the discharge chamber. The 
third port shown in FIGS. 41-43 may be used for creating a 
vacuum in the discharge chamber. 

0345. In the embodiments shown in FIGS. 41-43, there 
fore, the chemistry of the corona discharge may be con 
trolled by adding ports to the corona Source for the entrance 
and exhaust of gases from the corona Source. The locations 
of the ports can be arranged to optimize flow of the gases in 
the corona Source, minimize turbulence, and/or achieve 
Substantially homogeneous distribution of chemical species 
in the discharge chamber. A diffuser component (not shown) 
may be added to the corona Source to achieve these results 
as well. One or more gases may be added to the discharge 
chamber of the corona Source. 

0346 Examples of gases that may be introduced to the 
discharge chamber include, but are not limited to, nitrogen 
(N), clean dry air (CDA), forming gas (FG), oxygen (O), 
carbon monoxide (CO), carbon dioxide (CO), ammonia 
(NH), silane (SiH), chlorine (Cl), hydrogen chloride 
(HCl), one or more inert gases (e.g., helium (He), argon 
(Ar), krypton (Kr), Xenon (Xe), etc.), and one or more 
organic gases (e.g., methane (CH4), ethane (C2H), tetram 
ethylcyclotetrasiloxane (CHO4Si; commonly referred to 
as “Tomcats'), octamethylcyclotetrasiloxane (CH2O.Si. 
commonly referred to as “Omcats'), etc.). Tomcats and 
Omcats are commercially available from Air Products and 
Chemicals, Inc., Allentown, Pa. Additionally, a gas may be 
passed over or bubbled through a vessel (not shown) con 
taining liquid or solid organic, organometallic, or inorganic 
chemicals. A temperature control unit can Surround the 
vessel to control the vapor pressure of the chemicals. These 
gases may enter the discharge chamber singly or in combi 
nation. 

0347 In one embodiment, therefore, a system configured 
to control deposition of a charge on a wafer for measurement 
of one or more electrical properties of the wafer includes a 
corona Source, which may be configured as described further 
herein. One such embodiment of the system also includes a 
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mixture of gases disposed within a discharge chamber of the 
corona Source during the deposition of the charge. The 
mixture of gases may be produced in the discharge chamber 
of the corona source as described further herein. The mixture 
of gases alters one or more parameters of the charge depos 
ited on the wafer. In other words, the presence and one or 
more properties of the mixture of gases in the discharge 
chamber may be used to control one or more parameters of 
the deposited charge Such as, but not limited to, lateral 
diffusion of the charge on the surface of the wafer. 

0348. In one embodiment, the mixture includes CO and 
Kr. In another embodiment, about 65 volume 96 to about 85 
volume '% of the mixture includes CO, and about 15 
volume 96 to about 35 volume 96 of the mixture includes Kr. 
In a further embodiment, about 75 volume 96 of the mixture 
includes CO., and about 25 volume % of the mixture 
includes Kr. Such a mixture of gases suitable for use in the 
systems and methods described herein is commercially 
available from U.S. Airgas, Inc., Radnor, Pa., as part number 
X02CD75CA840L6. This gas mixture is advantageous in 
that it is Substantially homogeneous and will not Substan 
tially stratify. Furthermore, the mixture of gases may also or 
alternatively include any other gases described herein. 

0349. A broad range of flow rates and pressures may be 
used to move gases to and from the discharge chamber, and 
the parameters of gas flow may be controlled using any 
method and devices (not shown) known in the art (examples 
include, but are not limited to, needle valves and mass flow 
controllers). The gas flow devices may also include a 
manifold (not shown) and mixing chamber configured to 
combine gases prior to delivery of the gases to the corona 
Source. In addition, the gas flow devices may include one or 
more mixing chambers coupled to an inlet of the corona 
Source. The one or more mixing chambers are configured to 
mix the one or more chemical species prior to introduction 
of the one or more chemical species to the corona Source. 
0350 FIG. 44 illustrates a schematic side perspective 
view of one example of a mixing chamber that may be used 
as a gas flow device in the systems described herein. As 
shown in FIG. 44, mixing chamber 524 is coupled to 
showerhead distributor 526, which may also function as a 
diffuser as described above. One or more gases may be fed 
into mixing chamber 524 via one or more tubes 528. The one 
or more gases may mix in mixing chamber 524 due to the 
variations between the diameter of the mixing chamber and 
the diameters of the tubes. The mixed gases may flow from 
mixing chamber 524 through showerhead distributor 526 to 
a corona source coupled to an end of tube 530 downstream 
of the showerhead distributor. For example, tube 530 may be 
coupled to one of ports 522 shown in FIGS. 41-43. The 
mixing chamber may contain a temperature control unit (not 
shown). The gas flow devices described herein may also be 
configured to pass the gas(es) through one or more compo 
nents (not shown) Such as a filter, molecular sieves, and/or 
desiccant prior to delivery of the gas(es) to the discharge 
chamber. For example, Such components may be disposed 
within tube 530 shown in FIG. 44, which may be coupled to 
ports 522 shown in FIGS. 41-43. 

0351. As further shown in FIGS. 41 and 42, corona 
Source 514 may include one or more shielding components 
532 disposed within the corona source. The one or more 
shielding components are configured to prevent interaction 

39 
May 17, 2007 

between a plasma generated in the corona Source and 
components of the corona Source. In this manner, the corona 
Source body may include protective shielding components 
configured to prevent interaction of the corona plasma with 
metal or plastic components in the corona Source. Examples 
of materials that could be used for the shielding compo 
nent(s) include, but are not limited to, quartz and ceramic. 
0352. In a different embodiment, shielding components 
532 may be replaced with a coating formed on surfaces of 
one or more components of the corona Source. The Surfaces 
are internal to the corona Source. The coating may be 
selected to alter the one or more conditions within the corona 
Source. In some Such embodiments, the body, needle, and/or 
focusing elements of the corona Source may be plated or 
coated. Examples of Suitable plating/coating materials 
include, but are not limited to, copper, gold, platinum, 
palladium, nickel, rhodium, silver, Zinc, and magnesium. 
The coating may enhance the discharge stability or the 
production or removal of chemical species in the corona 
Source. In some embodiments, the corona Source may 
include both shielding components and a coating. Some 
components of the corona Source may protected by one or 
more shielding components while other components of the 
corona Source may be coated with one or more of the 
materials described above. In another alternative, the shield 
ing components shown in FIGS. 41 and 42 may have a 
coating formed thereon. Therefore, the shielding compo 
nents in combination with a coating on the shielding com 
ponent(s) may be used to both protect the corona source and 
to enhance the charge stability or production or removal of 
chemical species in the corona Source. 
0353. Additional components may be included in the 
corona source as shown in FIGS. 41 and 42. For example, 
corona source 514 may include aperture 534. The aperture 
may be configured to define the size of the area on the wafer 
on which charge is deposited by the corona Source. In 
addition, corona source 514 may include light source 536. 
Light source 536 may include, in Some embodiments, a light 
emitting diode (LED) or any other suitable light source that 
can be used to illuminate the wafer during deposition. An 
LED may be particularly suitable for inclusion in the corona 
source due to the relatively small size of the LED. 

0354 As shown in FIG. 42, the corona source may be 
coupled to spherical bearings 538, which may be used for 
alignment of the corona Source. In addition, the corona 
source may be coupled to positioning device 540, which 
may be configured to alter a position of the corona Source 
with respect to the wafer on which the charge is being 
deposited. In some embodiments, the position of the corona 
source with respect to the wafer (i.e., the height of the corona 
Source) may be measured using a front Surface of aperture 
534 as a capacitive sensor. In this manner, the control 
subsystem described above may be coupled to aperture 534 
and may be configured to control positioning device 540 
based on the aperture to adjust and control the position of the 
corona Source. The control Subsystem may be coupled to the 
aperture and the positioning device as described above. 

0355. In a different embodiment, the system may include 
an additional sensor that is configured to measure a position 
of the corona source with respect to the wafer. One embodi 
ment of such a sensor is illustrated in FIG. 45. As shown in 
FIG. 45, sensor 542 may be coupled to a lowermost surface 
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of the corona source. However, the position of the sensor 
with respect to the corona Source may be varied depending 
on, for example, the configuration of the sensor. The sensor 
may be a capacitive sensor, an accelerometer, a laser inter 
ferometer, or any other suitable sensor known in the art. In 
Some embodiments, the system may be configured to use 
both aperture 534 (shown in FIGS. 41-42) and sensor 542 to 
monitor a height of the corona Source. In any case, the height 
of the corona Source may be monitored and altered to 
maintain a particular height during charge deposition. In 
particular, the aperture and/or sensor 542 may be used to 
monitor changes in the height of the corona Source due to 
vibration or other external disturbances, and the control 
Subsystem may be configured to compensate for Such dis 
turbances to maintain a Substantially constant corona Source 
height during deposition. In some Such embodiments, the 
control subsystem shown in FIG. 39 may be coupled to 
sensor 542 shown in FIG. 45 and may be configured to 
control positioning device 540 shown in FIG. 42 based on 
output from sensor 542. The system shown in FIG. 45 may 
be further configured as described herein with respect to the 
system shown in FIG. 39 or any other embodiments 
described herein. 

0356. In some embodiments, one or more of the sensors 
described herein may be configured to measure a tempera 
ture within the corona source. For example, sensor 496 
shown in FIGS. 39 and 45 may be configured to measure a 
temperature within discharge chamber 498 of corona source 
480. The control subsystem may be configured to alter a 
temperature within discharge chamber 498 based on output 
of the temperature sensor. For example, the control sub 
system may be coupled to one or more temperature control 
devices (not shown), which may be used to alter and/or 
control a temperature within the discharge chamber. The 
temperature control device(s) may include, for example, one 
or more resistive heating elements and/or one or more 
cooling coils (through which liquids such as water, ethylene 
glycol, and liquid nitrogen may flow). Such temperature 
control devices may be coupled to a body of the corona 
SOUC. 

0357. In additional embodiments, the system may include 
one or more sensors that are configured to measure one or 
more properties of a magnetic field in the corona Source. In 
Such embodiments, the one or more parameters of the corona 
source that are altered by the control subsystem may include 
one or more parameters of a magnetic device coupled to the 
corona Source. One example of Such an embodiment is 
illustrated in FIG. 46. In this example, the system includes 
sensor 544, which is disposed within corona source. Sensor 
544 is configured to measure one or more properties of a 
magnetic field in the corona Source. In this manner, the 
sensor may be disposed in any location within or proximate 
to the corona Source Such that the properties of the magnetic 
field in the corona Source can be measured. For example, the 
magnetic sensor may be disposed external to the corona 
Source in a magnetic fringe field area of the magnetic field 
proximate to opening 490 through which charge is deposited 
on a wafer disposed on stage 492. The magnetic sensor may 
include any appropriate sensor known in the art Such as a 
Hall effect sensor. 

0358. The control subsystem described herein may be 
coupled to sensor 544. In addition, the system may include 
magnetic device 546 coupled to corona source 480. In this 
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example, the magnetic device is coupled to an external 
Surface of the corona Source. However, the magnetic device 
may be disposed within the body of the corona source. 
Magnetic device 546 may include, for example, one or more 
permanent magnets and electromagnetic coils. The control 
Subsystem may be configured to alter one or more param 
eters of magnetic device 546 based on output of sensor 544. 
In this manner, the system may include one or more ele 
ments configured to vary and control the magnetic field in 
the corona Source preferably to enhance the charge deposi 
tion characteristics. For example, the magnetic field may be 
used to focus the charge deposition on the wafer and/or to 
increase ionization efficiency of the species in the corona 
source. The system shown in FIG. 46 may be further 
configured as described herein. 

0359 The systems described above that are configured to 
control deposition of a charge on a wafer for measurement 
of one or more electrical properties of the wafer provide the 
ability to adjust and control the discharge, to enhance or 
Suppress the production of one or more species, to control 
lateral motion of charges on the wafer Surface, to enhance 
the safe operation of the corona Source, to enhance the 
reliability and/or lifetime of the corona source, and to 
prepare, passivate, and/or modify the Surface of the wafer as 
described further herein. One or more parameters of the 
corona source may be altered as described above before a 
charge deposition is performed by the corona Source. In 
addition, if multiple charge depositions are performed for a 
measurement, the parameter(s) of the corona source may be 
altered between the charge depositions. Furthermore, it is 
possible to control one or more parameters of a corona 
Source as described herein during deposition. 

0360 Although embodiments are described herein with 
respect to a corona Source, it is to be understood that the 
systems described herein may include a different charge 
deposition source (e.g., a glow discharge, hot and cold 
cathode discharges, filament discharges, etc.). The systems 
described herein may also be configured to control deposi 
tion of a charge on a wafer by controlling Such deposition 
sources, which may be performed as described herein. 

0361. One example illustrating how the lateral motion of 
charge deposited on a Surface can be controlled is shown in 
the graphs of FIG. 47. In particular, charge was deposited on 
a wafer with different gases in the discharge chamber of a 
corona Source. Both positive and negative charges were 
deposited on the wafer, and the Voltage was measured across 
the charge deposition area. The graphs illustrate Voltage 
measurement as a function of position within the charge 
deposition area at different times. The different gases in the 
discharge chamber during charge deposition are CDA and 
carbon dioxide. 

0362. As shown by comparison between plot 548 for 
negative charge depositions on a wafer while CDA was in 
the discharge chamber and plot 550 for negative charge 
depositions on the wafer while carbon dioxide was in the 
discharge chamber, the lateral diffusion of the charge on the 
surface of the wafer was lower when carbon dioxide was in 
the discharge chamber during charge deposition. In particu 
lar, as shown in plot 548, the Voltage measurements near the 
center of the charge deposition area decrease dramatically 
over time while the Voltage measurements proximate the 
edge of the charge deposition area increase dramatically 
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over time. In contrast, in plot 550, the voltage measurements 
at different points across the charge deposition area change 
relatively little over time indicating much less lateral diffu 
sion of the charge than in plot 548. 
0363 Similar results were observed for positive charges. 
In particular, plot 552 of voltage measurements performed 
after a positive charge was deposited on the wafer while 
CDA was in the discharge chamber illustrates relatively 
large changes in the Voltage measurements at different 
points across the charge deposition area over time. There 
fore, a relatively large amount of lateral diffusion was 
observed for a positive charge deposition performed with 
CDA in the discharge chamber of the corona source. In 
contrast, plot 554 of voltage measurements performed after 
a positive charge deposition on the wafer while carbon 
dioxide was in the discharge chamber illustrates that the 
Voltage measurements across the charge deposition area 
charged very little over time indicating very little lateral 
diffusion of the charge. As shown in plot 556, the amount of 
charge that was deposited for the measurements shown in 
plots 548,550,552, and 554 was substantially constant over 
time. In this manner, the plots shown in FIG. 47 indicate that 
controlling the gas in the discharge chamber of the corona 
source can be used to alter and control the lateral diffusion 
of a charge deposition on the wafer. The gas in the discharge 
chamber can be altered and controlled using the systems 
described above. 

0364. In another embodiment, the control subsystem 
described above may be configured to control one or more 
parameters of a measurement chamber in which the corona 
source is disposed. FIG. 48 illustrates one such embodiment 
of a system that is configured to control parameter(s) of a 
measurement chamber. As shown in FIG. 48, corona Source 
480, which may be configured as described with respect to 
FIG. 39, is disposed within measurement chamber 558. In 
addition, stage 492 may be disposed within measurement 
chamber 558. In this manner, the measurement chamber may 
be used to control the environment around the wafer on 
which a charge is being deposited. In particular, the mea 
surement chamber includes housing 560, which may sub 
stantially Surround the corona Source and the stage during 
charge depositions to Substantially prevent any fluctuations 
in the ambient conditions outside of the measurement cham 
ber from affecting the charge depositions. Such a measure 
ment chamber may also be configured to provide relatively 
stable conditions for the environment Surrounding the 
corona Source thereby making control and alteration of the 
parameters of the corona Source more predictable. 
0365. In some currently used systems, the conditions 
within the measurement chamber may not be controlled, and 
the measurement chamber may still provide some benefits 
for the charge deposition and measurements. However, it 
may be advantageous to control one or more conditions 
within the measurement chamber to provide further stability 
for the charge depositions and measurements. In one Such 
embodiment, the system may include sensor 562. As shown 
in FIG. 48, sensor 562 may be included in measurement 
chamber 558. In this manner, the sensor may be directly 
exposed to one or more conditions in the measurement 
chamber Such that Substantially accurate measurements of 
the condition(s) may be acquired. In addition, the system 
may include one or more Such sensors, each of which may 
be disposed in the measurement chamber. Each of the 
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different sensors may be used to measure a different condi 
tion in the measurement chamber (e.g., one sensor for 
temperature, one sensor for humidity, etc.). Each of the 
sensors included in the system may be coupled to a control 
subsystem such as that shown in FIG. 39 and described 
further above. In addition, the control subsystem may be 
coupled to one or more components (not shown) of the 
measurement chamber as described above Such as one or 
more gas flow devices coupled to the measurement chamber 
to alter and control the conditions in the measurement 
chamber by altering one or more parameters of Such com 
ponents. The gas flow devices may be configured as 
described above. 

0366. In this manner, the system may be configured to 
control one or more conditions within the measurement 
chamber in a number of different ways. For example, the 
sensor and control Subsystem may form a temperature 
control unit that is configured to maintain a Substantially 
constant temperature in the measurement chamber. The 
temperature in the measurement chamber may be above, 
below, or substantially the same as the ambient temperature 
outside of the measurement chamber. In another example, 
the sensor and the control Subsystem may form a humidity 
control unit that is configured to maintain a relatively 
constant humidity in the measurement chamber. The mea 
surement chamber humidity may be above, below, or sub 
stantially the same as the ambient humidity outside of the 
measurement chamber. 

0367. In an additional example, the sensor, the control 
Subsystem, and one or more gas flow devices coupled to the 
measurement chamber may be configured to control the flow 
of one or more gases into the measurement chamber. The 
gases may include, but are not limited to N, CDA, O, or 
inert gases such as those described above. The gases may be 
introduced singly or in combination. In addition, the gas 
flow devices may be controlled by the control subsystem to 
evacuate the gases from the measurement chamber. The gas 
flow devices may be configured as described above. For 
example, the gas flow devices may be configured to Sub 
stantially maximize laminar flow and minimize turbulence 
in the measurement chamber. In yet another embodiment, 
the sensor and the control Subsystem may form a pressure 
control unit configured to control a pressure in the measure 
ment chamber. The pressure in the measurement chamber 
may be above, below, under vacuum, or substantially the 
same as the pressure outside of the measurement chamber. 
The pressure may be controlled using any method and 
devices known in the art. 

0368. In some embodiments, the system and/or the mea 
Surement chamber may also include one or more "passive' 
components that are configured to control the conditions in 
the measurement chamber. For instance, the system may 
include one or more elements disposed within the measure 
ment chamber that are configured to preferentially remove 
one or more species from the environment in the measure 
ment chamber. Examples of Such elements include desiccant 
to remove water and gettering materials. In another example, 
the measurement chamber may be configured to Substan 
tially eliminate light entering the chamber. The purpose of 
the light blocking design of the measurement chamber may 
be to control surface photovoltages induced in the wafer by 
ambient light. The system shown in FIG. 48 may be further 
configured as described herein. 



US 2007/01 09003 A1 

0369. As described above with respect to FIG. 38, the 
system includes a probe (e.g., probe tip 460 coupled to 
cantilever 458) that is configured to measure a voltage of the 
wafer after the charge is deposited on the wafer. In some 
embodiments, a control Subsystem as described herein (e.g., 
control subsystem 500 shown in FIG. 39) may be configured 
to select a geometry of the probe based on one or more 
characteristics of test structures formed on the wafer. 

0370. One embodiment of a system that is configured to 
measure one or more electrical properties of a wafer 
includes multiple probes, as shown in FIG. 49. In particular, 
the system includes probe tips 564. Each of the probe tips is 
coupled to one of cantilevers 566. Each of the probe tips may 
have a different geometry. For example, one probe tip may 
be a sharp AFM type probe tip, and another of the probe tips 
may be a relatively dull probe tip. Depending on the test 
structure being measured, the control Subsystem may deter 
mine an appropriate geometry of the probe tip for the 
measurement and may be configured to move the appropri 
ate probe tip to a position above the test structure (not 
shown) on wafer 568. For example, cantilevers 566 may 
each be coupled to one of carrier bases 570. In addition, the 
carrier bases may be coupled to a coarse positioning actuator 
(not shown in FIG. 49), which may be configured as 
described above with respect to FIG. 38. The control sub 
system may be coupled to the coarse positioning actuator 
Such that the control Subsystem can control the coarse 
positioning actuator to alter the position of probe tips 564 
with respect to test structures formed on wafer 568. The 
control Subsystem may be coupled to the coarse positioning 
actuator as described further above. 

0371. In one embodiment, therefore, the system may 
include more than one Voltage probe. The probes may be 
configured as described above. For example, the probes may 
be configured as Kelvin Force Probes. In addition, the 
geometry of the probe tip may be varied as described above 
to enhance the detection efficiency of voltage changes on test 
structures, which may be located in scribe lines on patterned 
wafers. Probe tips having different geometries may also be 
used to measure the Voltage of a single test structure. In this 
manner, the control Subsystem may be configured to alter the 
position of the probes as described above with respect to the 
test structure between different voltage measurements. In 
one embodiment, the probe tip may be substantially planar. 
However, the probe tip may have any Suitable geometry 
known in the art. 

0372. As described above with respect to FIG. 38, 
stacked PZT 466 may be configured to move the probe 
toward or away from the wafer. In some embodiments, the 
probe System may include a sensor (not shown) Such as a 
capacitive sensor, accelerometer, or laser interferometer that 
is configured to determine a height of the probe (i.e., a 
distance between the probe and the wafer surface). The 
sensor may be coupled to the probe in any Suitable manner. 
For instance, the sensor may be coupled to the Surface of 
stacked PZT 466 closest to the wafer surface. A control 
Subsystem as described herein may be coupled to the sensor. 
In this manner, the control Subsystem may be configured to 
receive output from the sensor and to determine the height 
of the probe using the output. In addition, the control 
subsystem may be coupled to stacked PZT 466 such that the 
control subsystem can control stacked PZT 466 based on the 
output of the height sensor to alter a position of the probe 
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with respect to the wafer surface. The control subsystem 
may be coupled to stacked PZT 466 as described above. 
Alternatively, any other Suitable Subsystem Such as a servo 
control subsystem may be controlled by the control sub 
system to alter the height of the probe with respect to the 
wafer surface. In this manner, the systems described herein 
may be configured to maintain the height of the probe during 
Voltage measurements. As such, the system may be used to 
compensate for vibration or other external disturbances to 
maintain a Substantially constant probe height during mea 
Surement. 

0373). As shown in FIG. 49, the system may include 
multiple probes, each of which includes one of probe tips 
564 coupled to one of cantilevers 566. As described above, 
each or some of the probe tips may have different geometries 
that may be used for voltage measurements of differently 
configured test structures. In an alternative embodiment, the 
probe tips may have the same geometry. In either embodi 
ment, the multiple probes may be configured to measure a 
Voltage of multiple test structures (not shown) formed on 
wafer 568 substantially simultaneously after a charge is 
deposited on the wafer. 

0374. In one such embodiment, the spacing between the 
probe tips may be selected and/or altered such that each of 
the probe tips is arranged above a different test structure on 
the wafer. The position of the probe tips may be altered as 
described above using a control subsystem described herein. 
In addition, the system may be configured to measure a 
voltage of each of the test structures resulting from the 
charge deposition as described above. For instance, the 
system may be configured to illuminate each of the canti 
levers with light 572 substantially simultaneously such that 
variations in light 574 reflected from the cantilevers can be 
detected substantially simultaneously. As described further 
above, upon capacitive coupling of the tip with the Surface, 
the oscillation frequency and phase of movement of the 
probe may vary. The shift in the oscillation frequency and 
phase may be proportional to a Surface potential of a test 
structure formed on a wafer. In one embodiment, the can 
tilever is vibrated at or near its resonant frequency, (), and 
is brought in proximity to the sample Surface. The cantile 
ver's amplitude is measured by a laser deflection system 
such as that shown in FIG. 38. 

0375 While the probe is maintained at a constant dis 
tance above the sample Surface, an AC voltage bias at a 
different frequency, S2, is applied to the probe. This ac bias 
generates electric interaction forces between the probe and 
Surface, which is given by: 

F = Fo + F + Fo (18) 

ÖC 1 C 
= Fo + Vo Vasin(o). -- a vicos(20). 

where Vo-V-V is the potential difference between the 
Surface and the probe. The force component F is propor 
tional to V. The cantilever's amplitude, A(2), which is 
caused by this force component can be measured through a 
lock-in amplifier (not shown). The output of the lock-in 
amplifier is used as the input in a Voltage servo loop (not 
shown) to minimize Vo by changing Surface potential, V, or 
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probe potential, V. When Vo-0, V=V. The lock-in ampli 
fier and the voltage servo loop may be included in the 
control subsystem described further herein. 
0376. In another embodiment, the probe is brought to the 
sample surface until a predetermined probe-Surface gap is 
reached. Then, an AC voltage with frequency at or near the 
resonant frequency of the cantilever is applied to the probe. 
At this time, there is no mechanical drive to excite the 
cantilever. The force component F in Equation 18 is now 
Fo). If there was a small potential difference, Vo, between the 
probe (V) and the sample surface (V), this electrical force 
component will act as the excitation force driving the 
cantilever's vibration. Again, the vibration amplitude A(CD) 
is detected through the lock-in amplifier and is used as an 
error signal for a feedback control loop, which applies a DC 
bias to the cantilever in order to minimize the cantilever 
vibration at the AC bias frequency. In other words, when the 
cantilever amplitude A(c))=0, V-0, and thus the surface 
potential (V) equals the probe potential (V). In this man 
ner, signals generated by detector 576 may be used to 
determine the surface potential of each of the test structures 
Substantially simultaneously. 

0377. In one embodiment, detector 576 may include a 
linear array of photosensitive elements, and each photosen 
sitive element may generate output signals corresponding to 
the light reflected from one of the cantilevers. Alternatively, 
detector 576 may include a plurality of individual detectors, 
each of which is configured to detect light reflected from one 
of the cantilevers. Each of the individual detectors may be 
further configured as described above. In addition, light 572 
may be generated by light source 578. Light source 578 may 
include any light source that can be used to illuminate each 
of the cantilevers substantially simultaneously. For instance, 
the light source may include a plurality of light sources 
arranged such that light from each of the light sources is 
directed to a different cantilever. The plurality of light 
Sources may include any suitable light sources known in the 
art such as lasers and LEDs. Alternatively, the light source 
may include a single light Source coupled to a beam multi 
plier (not shown). The beam multiplier may include any 
Suitable optical component known in the art such as a grating 
or a plurality of beam splitters that can be used to generate 
multiple beams of light from a single beam of light. Each of 
the individual beams of light is directed to one of the 
cantilevers. 

0378. Although the multiple probes are shown in FIG. 49 
to be arranged in a linear array, it is to be understood that the 
probes may be configured in any Suitable arrangement. For 
example, the probes may be configured in a staggered array 
that includes two linear arrays that are spatially separated 
from each other. In addition, the position of the probes 
within the arrangement may be fixed. Alternatively, the 
position of each of the probes may be altered independently 
of one another using one or more positioning devices 
described herein, which can be controlled by a control 
Subsystem described herein. In any case, the system may be 
configured to use the multiple probes to perform simulta 
neous Voltage measurements on multiple test structures. 
Such a system may be particularly advantageous for per 
forming measurements of multiple test structures since the 
throughput of the measurement process may be substantially 
higher than measurement processes in which each test 
structure is measured serially. In addition, Such a system 
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may be particularly advantageous for performing measure 
ments by scanning across the wafer to Substantially improve 
the throughput of the process. 

0379. In some embodiments, the one or more electrical 
properties of the wafer or test structures on the wafer may be 
determined using an SPV measurement. In such embodi 
ments, the system includes an illumination Subsystem that is 
configured to direct light to the wafer during Voltage mea 
Surements. In one embodiment, the illumination Subsystem 
may include focused light source 478 as shown in FIG. 38. 
which is configured to generate a photovoltage within a 
focused spot on a wafer. In this manner, the system may be 
configured to couple light to the wafer during Voltage 
measurements to measure the SPV. As described further 
above, the probe may be configured such that light used for 
SPV measurements can be passed through the probe. In 
addition, the illumination Subsystem may be configured Such 
that the light used for SPV measurements can be directed to 
the wafer at any appropriate angle of incidence (e.g., normal 
incidence, oblique incidence, etc.). 
0380 The illumination subsystem may include a number 
of additional optical components (not shown) that can be 
coupled to light source 478 shown in FIG. 38 or any other 
light source that is used for SPV measurements. For 
instance, the illumination Subsystem may be configured to 
direct the light to the surface of the wafer through free space 
using reflective and/or refractive elements (e.g., mirrors, 
lenses, etc.) or through fiber optics. Sources that may be 
included in the illumination Subsystem may include pulsed 
or CW lasers (tunable and/or fixed frequency) and/or pulsed 
or CW broadband sources. In addition, the illumination 
Subsystem may include filter elements that are configured to 
restrict the frequencies and/or to alter the intensity of the 
light that is directed to the wafer for SPV measurements. 
Alternatively, the light source itself may include one or more 
components that are configured to alter light intensity to 
vary the injection level in the sample. In one embodiment, 
the SPV measurement is equal to the voltage difference 
between the wafer in the dark and illuminated by the 
illumination Subsystem. The illumination Subsystem may be 
configured to modulate the light from the light source using 
any suitable device or method known in the art Such as a 
chopper wheel and transistor-transistor logic (TTL) modu 
lation of the laser controller. In such instances, the signals 
corresponding to light reflected from the probe may be 
demodulated using a lock-in amplifier. 

0381. In some embodiments, two or more wavelengths of 
light (e.g., generated by a multi-wavelength laser) may be 
modulated at the same frequency and may be simultaneously 
directed to the sample to determine the minority carrier 
diffusion length. Examples of methods for determining the 
minority carrier diffusion length are described in co-pend 
ing, commonly assigned U.S. patent application Ser. No. 
11/078,669 filed on Mar. 10, 2005, by Shi et al., which is 
incorporated by reference as if fully set forth herein. The 
systems and methods described herein may be further con 
figured as described in this patent application. 

0382. In additional embodiments, the system may include 
a sample preparation Subsystem that is configured to alter 
one or more characteristics of the wafer before the charge is 
deposited on the wafer. One such embodiment of the system 
is illustrated in FIG. 50. In particular, the system includes 
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corona source 480, which may be configured as described 
above. In addition, the system includes stage 492, which 
may be configured as described above. Wafer 580 may be 
disposed on stage 492. The wafer may be configured as 
described herein. 

0383. The system also includes sample preparation sub 
system 582. In this embodiment, the sample preparation 
Subsystem includes a laser that is configured to illuminate a 
portion of the wafer thereby causing removal of one or more 
materials from the surface of the illuminated portion of the 
wafer. The material(s) that can be removed in this manner 
may include, for example, water vapor and contamination. 
The sample preparation Subsystem may be used to treat the 
surface of the wafer to provide measurement stability. 
0384 After sample preparation, the position of the wafer 
may be altered such that the prepared portion of the wafer 
may be positioned under corona Source 480 for charge 
deposition. In this manner, any materials that are removed 
from the wafer during sample preparation may not enter the 
corona Source due to the spacing between the sample 
preparation Subsystem and the corona Source. In some 
embodiments, the system may include one or more gas flow 
devices (not shown) to evacuate any removed material from 
the environment Surrounding the wafer and the corona 
Source. In an alternative embodiment, the sample prepara 
tion Subsystem may be configured to alter a portion of the 
wafer that is positioned under the corona Source. In this 
manner, the position of the wafer may not be altered after 
sample preparation. In some embodiments, the systems 
described herein may include one or more sample prepara 
tion Subsystems that are configured to prepare, passivate, 
and/or modify the surface or material of the wafer. 
0385) The sample preparation subsystem shown in FIG. 
50 may include a pulsed or CW laser that is configured to 
remove contamination from the surface of the wafer. The 
laser may be a single wavelength laser or a multi-wave 
length laser. Additional examples of sample preparation 
subsystems that may be included in the systems described 
herein are illustrated in co-pending, commonly assigned 
U.S. patent application Ser. No. 10/056.271 filed on Jan. 23. 
2002 published as U.S. patent application Publication No. 
2003/0137662 by Janik et al. and Ser. No. 11/021,555 filed 
on Dec. 22, 2004 by McWhirter et al., both of which are 
incorporated by reference as if fully set forth herein. 
0386 The sample preparation subsystem shown in FIG. 
50 may alternatively or additionally include a broadband 
light source that is configured to heat a portion of the wafer. 
Additional sources that can be used to heat a portion of the 
wafer include, but are not limited to, tungsten halogen 
lamps, deuterium (D) lamps configured to emit VUV or UV 
light, infrared (IR) light sources, synchrotron Sources, X-ray 
radiation sources, electron beam sources, gamma and beta 
radiation sources, etc. Alternative embodiments of the 
sample preparation Subsystem may use radio frequency (RF) 
or microwave radiation to heat the portion of the wafer. In 
a different embodiment, the system may include a thermal 
unit (not shown) that may be configured to raise and/or 
lower the temperature of the wafer prior to measurements. 
For example, stage 492 may be configured to Support the 
wafer during measurements and may also include a thermal 
unit that may be configured in Such a manner. For example, 
the stage may include a plurality of elements, some of which 
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are configured to raise the temperature of the wafer, and 
some of which may be configured to lower the temperature 
of the wafer. In addition, the systems described herein may 
be configured to perform sample preparation using more 
than one source of heat. In this manner, Surface preparation 
using one or some combination of the above sources may be 
used to generate the desired surface conditions for charge 
deposition based Voltage measurements and to enable 
extremely precise and stable measurements. 

0387. In additional embodiments, the sample preparation 
Subsystem may be configured to alter one or more charac 
teristics of the wafer before the charge is deposited on the 
wafer such that different locations on the wafer have differ 
ent values of the one or more characteristics. For example, 
the sample preparation subsystem shown in FIG. 50 may be 
configured to scan across the wafer and/or to sequentially 
illuminate different locations on the wafer. Each or some of 
the different locations may be illuminated differently such 
that the characteristics of the surface at different locations 
may be different. In another example, the stage may be 
configured to alter the temperature of the wafer locally at a 
measurement site, to alter the temperature of the wafer such 
that the temperature is substantially the same across the 
wafer, and/or alter the temperature of different locations on 
the wafer differently. 

0388 Any of the sample preparation methods described 
above may be performed before, during, and/or after charge 
deposition and/or voltage measurement. The system shown 
in FIG. 50 may be further configured as described herein. 
For example, the control subsystem shown in FIG. 39 may 
be coupled to the sample preparation Subsystem such that 
the control Subsystem may control the sample preparation 
Subsystem based on, for example, the characteristics of the 
wafer and/or the measurements that will be performed on the 
wafer. 

0389. In another embodiment, the systems described 
herein may include an additional measurement Subsystem 
that is configured to measure one or more different proper 
ties of the wafer. One such embodiment of a system is shown 
in FIG. 51. As shown in FIG. 51, the system includes corona 
source 480, which may be configured as described above. In 
addition, the system includes stage 492, which may also be 
configured as described herein. Wafer 580 may be disposed 
on stage 492 during measurements. Wafer 580 may be 
configured as described herein. 

0390 The system shown in FIG. 51 also includes mea 
surement subsystem 584. In this embodiment, measurement 
subsystem 584 includes light source 586, polarizer 588, 
analyzer 590, and detector 592. The light source, polarizer, 
analyzer, and detector may include any Such Suitable com 
ponents known in the art. In this manner, the measurement 
Subsystem is configured as an ellipsometer. The ellipsometer 
may be configured as any type of ellipsometer known in the 
art such as a spectroscopic ellipsometer, a rotating polarizer 
ellipsometer, and a rotating analyzer ellipsometer. As shown 
in FIG. 51, the components of the measurement subsystem 
may be disposed within housing 594. Housing 594 may 
serve a variety of purposes such as Substantially preventing 
Stray light from other components of the system from 
affecting the measurements performed by measurement Sub 
system 584 and preventing materials removed from the 
wafer by a sample preparation Subsystem such as those 
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described above from affecting the optical components of 
the measurement Subsystem and/or the measurements. Alter 
natively, the measurement Subsystem may be disposed in the 
environment of the system such as the environment of 
measurement chamber 558 shown in FIG. 48. 

0391) A control subsystem such as those described herein 
may also be coupled to one or more components of mea 
surement subsystem 584. For example, the control sub 
system may be coupled to one or more optical components 
of the measurement subsystem such that the control sub 
system can control the measurements that are performed by 
the measurement Subsystem. In another example, the control 
Subsystem may be coupled to one or more sensors (not 
shown) and one or more devices (not shown) coupled to 
housing 594. In this manner, the one or more sensors may be 
configured to monitor one or more conditions within hous 
ing 594, and the control subsystem may be configured to 
control the one or more devices coupled to housing 594 to 
alter the condition(s) within the housing. The sensor(s) and 
the device(s) coupled to housing 594 may include any of 
those described herein. In this manner, the system may be 
configured to monitor, alter, and control conditions within 
the housing of measurement Subsystem 584 Such as tem 
perature, humidity, pressure, and properties of one or more 
gases in housing 594. 

0392. As shown in FIG. 51, therefore, the system may 
include one additional measurement Subsystem. In addition, 
the measurement subsystem shown in FIG. 51 is configured 
to perform one type of measurements (e.g., ellipsometric 
measurements). However, the additional measurement Sub 
system may be configured to perform multiple types of 
measurements of the wafer (e.g., ellipsometric and reflec 
tometric measurements). Examples of Suitable systems that 
can be used as an additional measurement Subsystem in the 
embodiments described herein are illustrated in U.S. patent 
application Ser. No. 09/956,844 filed Sep. 20, 2001 by 
Fielden et al. published as U.S. patent application Publica 
tion No. 2002/0179864 on Dec. 5, 2002, which is incorpo 
rated by reference as if fully set forth herein. In another 
alternative, the system may include more than one additional 
measurement Subsystem. Examples of appropriate measure 
ment Subsystems that may be included in the systems 
described herein include, but are not limited to, optical 
Subsystems (e.g., ellipsometer, spectroscopic ellipsometer, 
reflectometer, spectroscopic reflectometer, FTIR, surface 
enhanced raman spectroscopy (SERS), infrared reflectance 
absorbance spectroscopy (IR-RAS), etc.), electron beam 
subsystems (e.g., SEM, electron stimulated X-ray (ESX), 
etc.), X-ray based Subsystems (e.g., grazing incidence X-ray 
reflectometer, X-ray fluorescence (XRF), etc.), and scanning 
probe microscope based subsystems (e.g., AFM, near field 
scanning optical microscopy (NSOM), etc.). The properties 
of the wafer that can be measured by such measurement 
Subsystems include, but are not limited to, optical thickness, 
index of refraction, CD, Sidewall profile, roughness, and 
composition. 

0393. These measurement subsystems may be configured 
as stand alone units (which may be coupled to the system by 
a transmission medium), one or more modules combined in 
a single measurement chamber (e.g., housing 594), or one or 
more modules integrated into a process tool Such as those 
described further herein. In addition, as shown in FIG. 51, 
the additional measurement Subsystem and corona Source 

May 17, 2007 

480 may be coupled to the same stage. In this manner, the 
additional measurement Subsystem may be configured to 
measure one or more properties of the wafer during a charge 
deposition and/or Subsequent Voltage measurements. In 
addition, the Voltage measurements and the additional mea 
Surements may be performed in a serial manner at one or 
more measurement sites on a wafer while the wafer is 
disposed on the same stage. Alternatively, the measurement 
Subsystem and the corona Source may be coupled to different 
stages. In this manner, the Voltage measurements and the 
additional measurements may be performed sequentially for 
a single wafer. The wafer may be moved from one stage to 
the other by a common wafer handler (not shown) that may 
be included in the system. The common wafer handler may 
include any suitable mechanical or robotic components 
known in the art. 

0394 Another embodiment is related to a method for 
controlling deposition of a charge on a wafer for measure 
ment of one or more electrical properties of the wafer. The 
wafer may be configured as described herein. The method 
may be performed by any of the systems described herein. 
For example, the method includes measuring one or more 
conditions within a corona Source. Measuring the condi 
tion(s) within the corona Source may be performed as 
described herein. The corona Source may be configured as 
described herein. The method also includes altering one or 
more parameters of the corona Source based on the one or 
more conditions. Altering the parameter(s) of the corona 
source may be performed as described herein. 
0395. The method described above may also include any 
other step(s) described herein. For example, the one or more 
conditions that are measured may include one or more 
properties of one or more chemical species in the corona 
Source. In addition, the one or more parameters of the corona 
Source that are altered may include one or more parameters 
of one or more gas flow devices coupled to the corona 
Source. The one or more gas flow devices may be configured 
as described above. The method may also include mixing the 
one or more chemical species prior to introduction of the one 
or more chemical species to the corona Source. 
0396 The method may include measuring the one or 
more conditions in the corona Source using an optical 
technique. Some embodiments of the method may include 
controlling a reaction in the corona Source using an optical 
subsystem such as those described above. 
0397. In another embodiment, the one or more conditions 
in the corona Source that are measured may include one or 
more properties of a magnetic field in the corona Source. 
Such an embodiment of the method may include altering one 
or more parameters of a magnetic device coupled to the 
COOla SOUC. 

0398. Some embodiments of the method may include 
measuring a position of the corona Source with respect to the 
wafer. Such a method may also include altering the position 
of the corona source with respect to the wafer as described 
above. In another embodiment, the method may include 
selecting a geometry of a probe based on one or more 
characteristics of test structures formed on the wafer. The 
probe may be configured as described above to measure the 
one or more electrical properties of the wafer after the 
charge is deposited on the wafer. An additional embodiment 
of the method includes measuring one or more electrical 
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properties of multiple test structures on the wafer substan 
tially simultaneously after the charge is deposited on the 
wafer. Such measurements may be performed using multiple 
probes, which may be configured as described above. 
0399. One embodiment of the method includes control 
ling one or more parameters of a measurement chamber in 
which the corona Source is disposed. The parameter(s) of the 
measurement chamber may be controlled as described 
above. In some embodiments, the method includes altering 
one or more characteristics of the wafer before the charge is 
deposited on the wafer. The characteristic(s) may be altered 
using a sample preparation Subsystem that is configured as 
described above. In addition, the method may include alter 
ing one or more characteristics of the wafer before the 
charge is deposited on the wafer such that different locations 
on the wafer have different values of the one or more 
characteristics. Such altering may also be performed using a 
sample preparation Subsystem described herein. In another 
embodiment, the method includes measuring one or more 
different properties of the wafer using an additional mea 
Surement Subsystem. The additional measurement Sub 
system may be configured as described herein. 
0400. An additional embodiment of the method includes 
directing light to the wafer during Voltage measurements. 
The light may be directed to the wafer using an illumination 
Subsystem configured as described herein. In such an 
embodiment, the one or more electrical properties of the 
wafer that are measured may includean SPV of the wafer or 
a test structure formed on the wafer. Each of the steps of the 
embodiments of the method described above may be per 
formed as described herein. Each of the embodiments of the 
method described above may include any other step(s) 
described herein. 

0401] Another embodiment of a method for controlling 
deposition of a charge on a wafer for measurement of one or 
more electrical properties of the wafer includes producing a 
mixture of gases in a discharge chamber of a corona Source. 
The mixture of gases may be produced in the discharge 
chamber of the corona source as described further above. In 
addition, the corona Source may be configured as described 
above. The method also includes depositing the charge on 
the wafer using the corona Source while the mixture of gases 
is in the discharge chamber. The mixture of gases alters one 
or more parameters of the charge deposited on the wafer. 
The charge may be deposited on the wafer as described 
above. In addition, the mixture of gases may alter the one or 
more parameters of the charge deposited on the wafer as 
described further above. For example, the mixture of gases 
may control the lateral diffusion of the charge deposited on 
the wafer. 

0402. In one embodiment, the mixture includes CO and 
Kr. In another embodiment, about 65 volume 96 to about 85 
volume '% of the mixture includes CO, and about 15 
volume 96 to about 35 volume 96 of the mixture includes Kr. 
In an additional embodiment, about 75 volume 96 of the 
mixture includes CO, and about 25 volume % of the 
mixture includes Kr. The gas mixture may also or alterna 
tively include one or more of the gases described herein. 
Each of the embodiments of the method described above 
may include any other step(s) described herein. 
0403. Each of the systems described herein may include 
a processor (not shown). The processor may be configured 
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to receive output from a detector coupled to a probe as 
described herein. The output from the detector may be 
responsive to a property Such as a potential or a photovoltage 
of the wafer as measured by the detector. The processor may 
also be configured to determine a property of the wafer from 
the output. The processor may also be configured to monitor 
the properties of multiple wafers to monitor processes used 
to form the wafer. In addition, the processor may be con 
figured to determine if the process is reproducible and/or 
within acceptable limits from the property of the wafer 
and/or the properties of multiple wafers. Therefore, such a 
system may be used to monitor and/or evaluate a process 
tool during process tool qualification, process development, 
manufacturing, or some combination thereof. 
0404 In an embodiment, the processor may also be 
configured to alter a parameter of a process tool in response 
to the property using a feedback control technique, a feed 
forward control technique, and/or an in situ control tech 
nique. For example, the processor may be coupled to a 
process tool Such that the processor may send control signals 
to various instruments of the process tool. The control 
signals may be responsive to the property of the wafer 
determined by a system as described herein. As such, the 
system may be configured to automatically alter a parameter 
of a process tool in response to a determined property of a 
wafer. In addition, the processor may be configured to 
generate an output signal if the property is outside of a 
predetermined range for the property. The output signal may 
have any suitable configuration. 
04.05 Program instructions implementing methods such 
as those described herein may be transmitted over or stored 
on a carrier medium. The carrier medium may be a trans 
mission medium Such as a wire, cable, or wireless transmis 
sion link. The carrier medium may also be a storage medium 
Such as a read-only memory, a random access memory, a 
magnetic or optical disk, or a magnetic tape. 
0406. In an embodiment, a processor may be configured 
to execute the program instructions to perform a method 
according to the above embodiments. The processor may 
take various forms, including a personal computer system, 
mainframe computer system, workstation, network appli 
ance, Internet appliance, personal digital assistant ("PDA), 
television system or other device. In general, the term 
“computer system” may be broadly defined to encompass 
any device having one or more processors, which executes 
instructions from a memory medium. 
0407. The program instructions may be implemented in 
any of various ways, including procedure-based techniques, 
component-based techniques, and/or object-oriented tech 
niques, among others. For example, the program instructions 
may be implemented using ActiveX controls, C++ objects, 
JavaBeans, Microsoft Foundation Classes (“MFC), or other 
technologies or methodologies, as desired. 

0408 Further modifications and alternative embodiments 
of various aspects of the invention may be apparent to those 
skilled in the art in view of this description. For example, 
test pads, methods, and systems for measuring properties of 
a wafer and systems and methods for controlling deposition 
of a charge on a wafer for measurement of one or more 
electrical properties of the wafer are provided. Accordingly, 
this description is to be construed as illustrative only and is 
for the purpose of teaching those skilled in the art the general 
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manner of carrying out the invention. It is to be understood 
that the forms of the invention shown and described herein 
are to be taken as the presently preferred embodiments. 
Elements and materials may be substituted for those illus 
trated and described herein, parts and processes may be 
reversed, and certain features of the invention may be 
utilized independently, all as would be apparent to one 
skilled in the art after having the benefit of this description 
of the invention. Changes may be made in the elements 
described herein without departing from the spirit and scope 
of the invention as described in the following claims. 
What is claimed is: 

1. A test pad formed on a wafer, comprising: 
a test structure configured such that one or more electrical 

properties of the test structure can be measured; and 
a conductive layer formed between the test structure and 

the wafer, wherein the conductive layer prevents struc 
tures located under the test structure between the con 
ductive layer and the wafer from affecting the one or 
more electrical properties of the test structure during 
measurement. 

2. The test pad of claim 1, wherein the wafer comprises 
a patterned wafer, and wherein the test structure and the 
conductive layer are formed in a scribe line of the patterned 
wafer. 

3. The test pad of claim 1, wherein the conductive layer 
has an area that is larger than an area of the test structure. 

4. The test pad of claim 1, wherein the test structure 
comprises an intermetal dielectric structure. 

5. The test pad of claim 1, wherein the test structure 
comprises an intermetal dielectric structure, and wherein the 
one or more electrical properties comprise an in-plane 
dielectric constant of the intermetal dielectric structure. 

6. The test pad of claim 1, wherein the test structure 
comprises an intermetal dielectric structure, and wherein the 
one or more electrical properties comprise an out-of-plane 
dielectric constant of the intermetal dielectric structure. 

7. The test pad of claim 1, wherein the test structure 
comprises an intermetal dielectric structure, and wherein the 
one or more electrical properties comprise leakage of the 
intermetal dielectric structure. 

8. The test pad of claim 1, wherein the test structure 
comprises an intermetal dielectric structure, and wherein the 
one or more electrical properties comprise a Surface Voltage 
map of the intermetal dielectric structure. 

9. The test pad of claim 1, wherein the conductive layer 
is electrically connected to the wafer by one or more other 
conductive structures formed between the conductive layer 
and the wafer. 

10. The test pad of claim 1, wherein the test structure 
comprises insulating structures and trenches formed 
between the insulating structures. 

11. The test pad of claim 1, wherein the test structure 
comprises insulating structures and conductive structures 
formed between the insulating structures. 

12. The test pad of claim 1, wherein the test structure 
comprises insulating structures and trenches formed 
between the insulating structures, and wherein the one or 
more electrical properties comprise an in-plane electrical 
property of the insulating structures. 

13. The test pad of claim 1, wherein the test structure 
comprises insulating structures and trenches formed 
between the insulating structures, and wherein the one or 
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more electrical properties comprise an out-of-plane electri 
cal property of the insulating structures. 

14. The test pad of claim 1, wherein more than one of the 
test pads are formed on the wafer, wherein the test structures 
of the more than one test pad comprise insulating structures 
and trenches formed between the insulating structures, and 
wherein the test structures of at least some of the more than 
one test pad have different pitches and different trench 
widths. 

15. The test pad of claim 1, wherein more than one of the 
test pads are formed on the wafer, wherein the test structures 
of the more than one test pad comprise insulating structures 
and trenches formed between the insulating structures, 
wherein the test structures of at least some of the more than 
one test pad have different pitches and different trench 
widths, and wherein the one or more electrical properties 
comprise a line-to-line dielectric constant of the insulating 
Structures. 

16. The test pad of claim 1, wherein more than one of the 
test pads are formed on the wafer, wherein the test structures 
of the more than one test pad comprise insulating structures 
and trenches formed between the insulating structures, and 
wherein the test structures of at least some of the more than 
one test pad have substantially the same trench width and 
different insulating structure line widths. 

17. The test pad of claim 1, wherein the test structure 
comprises vias formed in an insulating structure, and 
wherein the one or more electrical properties comprise an 
in-plane electrical property of the insulating structure. 

18. The test pad of claim 1, wherein the test structure 
comprises vias formed in an insulating structure, and 
wherein the one of more electrical properties comprise an 
out-of-plane electrical property of the insulating structure. 

19. The test pad of claim 1, wherein the test structure 
comprises vias formed in an insulating structure and con 
ductive structures formed in the vias. 

20. The test pad of claim 1, wherein the test structure 
comprises vias formed in an insulating structure, and 
wherein the Vias are arranged in a two-dimensional array in 
the test structure. 

21. The test pad of claim 1, wherein the test structure 
comprises insulating structures configured as a serpentine 
structure, wherein the serpentine structure electrically iso 
lates two different sets of conductive structures, and wherein 
each of the different sets of conductive structures is coupled 
tO a test area. 

22. The test pad of claim 1, further comprising an addi 
tional test structure configured such that one or more elec 
trical properties of the additional test structure can be 
measured, wherein the test structure and the additional test 
structure comprise insulating structures configured as Ser 
pentine structures, wherein the serpentine structures electri 
cally isolate two different sets of conductive structures, and 
wherein at least one characteristic of the serpentine struc 
tures or the two different sets of conductive structures of the 
test structure and the additional test structure is different. 

23. The test pad of claim 1, wherein the test structure 
comprises a gate structure. 

24. The test pad of claim 1, wherein the test structure is 
formed by a front end of line process. 

25. The test pad of claim 1, wherein the one or more 
electrical properties can be measured by measuring an 
out-of-plane Voltage of the test structure. 
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26. The test pad of claim 1, wherein the test structure has 
one or more characteristics that are Substantially the same as 
one or more characteristics of a device structure formed on 
the wafer. 

27. The test pad of claim 1, wherein the structures located 
under the test structure comprise additional test structures. 

28. The test pad of claim 1, wherein the one or more 
electrical properties can be measured using a non-contact 
measurement technique. 

29. The test pad of claim 1, wherein the one or more 
electrical properties can be measured using a contact mea 
Surement technique. 

30. A test pad formed on a wafer, comprising: 
a gate structure configured such that one or more electri 

cal properties of the gate structure can be measured; 
and 

an isolated insulator pad formed between the gate struc 
ture and the wafer, wherein the isolated insulator pad 
prevents structures located under the gate structure 
between the isolated insulator pad and the wafer from 
affecting the one or more electrical properties of the 
gate structure during measurement. 

31. The test pad of claim 30, wherein the gate structure 
comprises a source, a gate electrode, and a drain. 

32. The test pad of claim 30, wherein the gate structure 
comprises a source, a gate electrode, a drain, and a gate 
dielectric. 

33. The test pad of claim 30, wherein the one or more 
electrical properties comprise an out-of-plane electrical 
property of the gate structure. 

34. The test pad of claim 30, wherein the one or more 
electrical properties comprise an in-plane electrical property 
of the gate structure. 

35. The test pad of claim 30, wherein the one or more 
electrical properties comprise a threshold Voltage of the gate 
Structure. 

36. The test pad of claim 30, wherein neighboring struc 
tures are formed on a layer of the wafer on which the gate 
structure is formed, and wherein the isolated insulator pad 
further prevents the neighboring structures from affecting 
the one or more electrical properties of the gate structure 
during the measurement. 

37. The test pad of claim 30, wherein the isolated insulator 
pad has an area that is larger than an area of the gate 
Structure. 

38. The test pad of claim 30, wherein the gate structure 
has one or more characteristics that are Substantially the 
same as one or more characteristics of a device structure 
formed on the wafer. 

39. The test pad of claim 30, wherein the wafer comprises 
a patterned wafer, and wherein the gate structure and the 
isolated insulator pad are formed in a scribe line of the 
patterned wafer. 

40. The test pad of claim 30, wherein more than one of the 
test pads are formed on the wafer in an arrangement Such 
that across wafer variations in the one or more electrical 
properties of the gate structure can be measured. 

41. The test pad of claim 30, wherein the one or more 
electrical properties can be measured using a non-contact 
measurement technique. 

42. The test pad of claim 30, wherein the one or more 
electrical properties can be measured using a non-contact 

48 
May 17, 2007 

measurement technique in which a charge is deposited on 
only a portion of the gate structure. 

43. The test pad of claim 30, wherein the one or more 
electrical properties can be measured using a contact mea 
Surement technique. 

44. A method for assessing plasma damage of a wafer, 
comprising: 

measuring one or more electrical properties of a test 
structure formed on the wafer; and 

determining an index characterizing the plasma damage 
of the test structure using the one or more electrical 
properties, wherein the plasma damage is caused by a 
process performed on the wafer. 

45. The method of claim 44, wherein the wafer comprises 
a patterned wafer, and wherein the test structure is formed in 
a scribe line on the patterned wafer. 

46. The method of claim 44, wherein one or more 
characteristics of the test structure are Substantially the same 
as one or more characteristics of device structures formed on 
the wafer. 

47. The method of claim 44, wherein the wafer comprises 
a patterned wafer, wherein the test structure comprises 
different structures formed in a scribe line on the wafer, and 
wherein the different structures have substantially the same 
characteristics as different device structures formed on the 
wafer such that the index also characterizes the plasma 
damage of the different device structures. 

48. The method of claim 44, wherein the test structure 
comprises trenches formed in an insulating structure, and 
wherein the one or more electrical properties comprise an 
in-plane electrical property of the insulating structure. 

49. The method of claim 44, wherein the test structure 
comprises vias formed in an insulating structure, and 
wherein the one or more electrical properties comprise an 
out-of-plane electrical property of the insulating structure. 

50. The method of claim 44, further comprising measur 
ing one or more additional properties of the test structure 
using one or more optical techniques and determining an 
in-plane electrical property of the test structure using the one 
or more electrical properties and the one or more additional 
properties. 

51. The method of claim 44, further comprising measur 
ing one or more additional properties of the test structure 
using one or more optical techniques, wherein said deter 
mining comprises determining the index using the one or 
more electrical properties and the one or more additional 
properties. 

52. The method of claim 44, wherein the index is a 
weighted index. 

53. The method of claim 44, wherein the plasma damage 
comprises Surface charge non-uniformity, bulk film damage, 
and interface damage. 

54. The method of claim 44, wherein the test structure 
comprises an intermetal dielectric structure. 

55. The method of claim 44, wherein the test structure 
comprises a gate structure. 

56. The method of claim 44, wherein the test structure 
comprises a shallow trench isolation structure, and wherein 
the plasma damage comprises leakage at a corner of a lining 
oxide of the shallow trench isolation structure. 

57. The method of claim 44, wherein the test structure 
comprises a portion of the wafer Surrounded by one or more 
trenches, a pad oxide layer formed on an upper Surface of the 
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portion of the wafer, and a lining oxide formed on side 
surfaces of the portion of the wafer, side surfaces of the pad 
oxide layer, and an upper Surface of the wafer in the one or 
more trenches. 

58. The method of claim 44, wherein the test structure 
comprises one or more P wells, one or more N wells, or a 
combination thereof. 

59. The method of claim 44, wherein the test structure 
comprises one or more P wells, one or more N wells, or a 
combination thereof, and wherein the plasma damage com 
prises plasma charging that takes place during one or more 
ion implantation processes used to form the one or more P 
wells, the one or more N wells, or the combination thereof. 

60. The method of claim 44, wherein the test structure 
comprises one or more layers of wiring formed on the wafer 
above a gate structure, and wherein the plasma damage 
comprises damage to the gate structure caused by one or 
more processes used to form the one or more layers of 
wiring. 

61. The method of claim 44, wherein said measuring is 
performed using a non-contact measurement technique. 

62. The method of claim 44, wherein said measuring is 
performed using a contact measurement technique. 

63. The method of claim 44, further comprising monitor 
ing one or more parameters of the process using the index. 

64. The method of claim 44, further comprising altering 
one or more parameters of a process tool based on the index, 
wherein the process tool performed the process on the wafer. 

65. A method for assessing plasma damage of a wafer, 
comprising: 

measuring one or more electrical properties of a device 
structure formed on the wafer; and 
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determining an index characterizing the plasma damage 
of the device structure using the one or more electrical 
properties, wherein the plasma damage is caused by a 
process performed on the wafer. 

66. The method of claim 65, wherein said measuring 
comprises measuring a surface Voltage at more than one 
location within a die formed on the wafer. 

67. The method of claim 65, wherein said measuring 
comprises measuring a surface Voltage at more than one 
location within a die formed on the wafer, and wherein the 
more than one location are within different types of areas of 
the die. 

68. The method of claim 65, wherein the plasma damage 
comprises a Surface charge profile within a die formed on the 
wafer. 

69. The method of claim 65, wherein said measuring 
comprises measuring a surface Voltage at Substantially the 
same within die location for more than one die formed on the 
wafer. 

70. The method of claim 65, wherein said measuring 
comprises measuring a surface Voltage at Substantially the 
same within die location for more than one die formed on the 
wafer, and wherein the method further comprises comparing 
the Surface Voltages to determine Surface Voltage uniformity 
across the wafer. 

71. The method of claim 65, wherein the plasma damage 
comprises Surface charge uniformity across the wafer. 


