INFRARED-BASED METROLOGY FOR DETECTION OF STRESS AND
DEFECTS AROUND THROUGH SILICON VIAS

BACKGROUND OF THE INVENTION
TECHNICAL FIELD
[0001] Embodiments of the present invention relate generally to
infrared (IR)-based metrology. Specifically, embodiments of the present
invention relate to the use of infrared (IR)-based metrology for the detection of

stress and effects around through silicon vias (TSVs).

RELATED ART

[0002] Thermal-mechanical reliability has become a big concern for the
implementation of through silicon vias (TSVs), which are a vital part of 3D
integration designs. Specifically, the process-induced stresses due to CTE
mismatch between silicon (Si) and copper (Cu) can cause detrimental effects
on both the performance and reliability. Such effects include, among other,
mobility degradation, Si cracking, device de-bonding, and TSV pop-out.
[0003] As such, the measurement and handling of TSV stresses have
become an important part of device design and integration. Unfortunately,
existing approaches typically require cross-sectioning of the device such as
during use of processes such as electron microscopy. That is, microscopy
may be limited by either sample surface topography or the requirement of

physical damage to the sample being tested.



SUMMARY OF THE INVENTION
[0004] In general, aspects of the present invention relate to an
approach for IR-based metrology for detecting stress and defects
around/adjacent TSVs of semiconductor devices. Specifically, in a typical
embodiment, a beam of IR light will be emitted from an IR light source through
the material around a TSV. Once the beam of IR light has passed through the
material around the TSV, the beam will be analyzed using one or more
algorithms to determine information about TSV defects such as imbedded
cracking, etc. In one embodiment, the beam of IR light may be split into a first
portion and a second portion. The first portion will be passed through material
around the TSV while the second portion is routed around the TSV. After the
first portion has passed through the material around the TSV, the two portions
may then be recombined, and the resulting beam may be analyzed as
indicated above.
[0005] A first aspect of the present invention provides a method for
infrared (IR)-based metrology, comprising: passing a beam of IR light from an
IR light source through a material around a through silicon via (TSV) of a
semiconductor device; and analyzing the beam of IR light after being passed
through the material around a TSV to determine information pertaining to
stress or defects around the TSV.
[0006] A second aspect of the present invention provides a method for
infrared (IR)-based metrology, comprising: emitting a beam of IR light using

an IR light source; passing the beam of IR light through a material around a



through silicon via (TSV) of a semiconductor device along a predetermined
path; and analyzing the beam after being passed through the material around
a TSV to determine information pertaining to stress or defects around the
TSV.

[0007] A third aspect of the present invention provides a method for
infrared (IR)-based metrology, comprising: emitting a beam of IR light using
an IR light source; splitting the beam of IR light into a first portion and a
second portion; passing the first portion of the beam of IR light through a
material around a through silicon via (TSV) of a semiconductor device;
combining the first portion with the second portion after the passing; and
analyzing the beam after the combining to determine information pertaining to

stress or defects around the TSV.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features of this invention will be more readily
understood from the following detailed description of the various aspects of
the invention taken in conjunction with the accompanying drawings in which:

Fig. 1 shows an example of a semiconductor device having a through
silicon via (TSV) device experiencing defects.

Fig. 2 shows the use of IR-based metrology for analyzing TSV defects
according to an embodiment of the present invention.

Fig. 3 shows the use of IR-based metrology for analyzing TSV defects

according to another embodiment of the present invention.



[0009] The drawings are not necessarily to scale. The drawings are
merely representations, not intended to portray specific parameters of the
invention. The drawings are intended to depict only typical embodiments of
the invention, and therefore should not be considered as limiting in scope. In

the drawings, like numbering represents like elements.

DETAILED DESCRIPTION OF THE INVENTION
[0010] lllustrative embodiments will now be described more fully herein
with reference to the accompanying drawings, in which embodiments are
shown. This disclosure may, however, be embodied in many different forms
and should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be
thorough and complete and will fully convey the scope of this disclosure to
those skilled in the art. In the description, details of well-known features and
technigues may be omitted to avoid unnecessarily obscuring the presented
embodiments.
[0011] The terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of this
disclosure. As used herein, the singular forms “a”, “an”, and “the” are
intended to include the plural forms as well, unless the context clearly
indicates otherwise. Furthermore, the use of the terms “a”, “an”, etc., do not
denote a limitation of quantity, but rather denote the presence of at least one

of the referenced items. The term “set” is intended to mean a quantity of at



least one. It will be further understood that the terms “comprises” and/or
“comprising”, or “includes” and/or “including”, when used in this specification,
specify the presence of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of
one or more other features, regions, integers, steps, operations, elements,
components, and/or groups thereof.

[0012] Reference throughout this specification to “one embodiment,”

“an embodiment,” “embodiments,” “exemplary embodiments,” or similar
language means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one
embodiment of the present invention. Thus, appearances of the phrases “in

in an embodiment,

one embodiment, in embodiments” and similar
language throughout this specification may, but do not necessarily, all refer to
the same embodiment.

[0013] The terms “overlying” or “atop”, “positioned on” or “positioned
atop”, “underlying”, “beneath” or “below” mean that a first element, such as a
first structure (e.g., a first layer) is present on a second element, such as a
second structure (e.g. a second layer) wherein intervening elements, such as
an interface structure (e.g. interface layer) may be present between the first
element and the second element.

[0014] As indicated above, aspects of the present invention relate to an

approach for IR-based metrology for detecting stress and defects

around/adjacent TSVs of semiconductor devices. Specifically, in a typical



embodiment, a beam of IR light will be emitted from an IR light source through
material around a TSV. Once the beam of IR light has passed through the
material around the TSV, the beam will be analyzed using one or more
algorithms to determine information about TSV defects such as imbedded
cracking, etc. In one embodiment, the beam of IR light may be split into a first
portion and a second portion. The first portion will be passed through the
material around the TSV while the second portion is routed around the TSV.
After the first portion has passed through the material around the TSV, the
two portions may then be recombined, and the resulting beam may be
analyzed as indicated above.

[0015] Referring to Fig. 1, an example of a semiconductor device 10
having TSV 12 defects is shown. Specifically, as shown, TSV 12 has
imbedded cracking inside material 14 as well as a “keep-out” zone 16. As
indicated above such defects can greatly impact the design and/or integration
of such devices. In previous approaches, to completely assess and address
the defects, damage to the device was incurred due to necessary cross-
sectioning thereof. However, the current approach obviates this requirement
by utilizing an IR light-based metrology approach.

[0016] Specifically, as will be shown and described in conjunction with
Figs. 2-3, the present approach passes a beam of IR light through the
material around a TSV, and then analyzes the resulting beam. Is general, this
approach utilizes an IR light beam with photon energy smaller than Si band

gap (1.12 eV) that becomes transparent and can thus can provide in-depth



information along the entire length of a TSV. In general, the following
principles and algorithms will be applied hereunder. One such principle is that
uniform “media” will generate well-defined periodic fringes. Such media can
reveal various pieces of information about the TSV and/or its condition.

According to the piezo-optic effect:
Ae; (w) = ij (W) X,

where Xk is the stress tensor and Pii is the piezo-optic tensor. Thus, the
distribution of stress or buried cracking defects lead to a perturbation of index
of refraction along the beam path (as well as a stress dependent phase shift),

which may be revealed by the following algorithm:
T 2p
Af (X, y) = IO AN(X, Y, z)l— zdz

where T is the total thickness of Si wafer. This results in distortion of fringes
around the TSV, and the amount of distortion can be estimated as: P~10° Pa
1, X~100 Mpa, T~100 m, so the phase shift is A®~ 32 rad, which is a very
significant effect.

[0017] Referring to Fig. 2, a direct imaging approach according to one
aspect of the present invention is shown. As depicted, an IR light source 50
emits a beam of IR light 52 (e.g., less than approximately 1.12 eV). One or
more optics 54 may be used to direct beam 52 into TSV 58 of semiconductor
device 56. Beam 52 will pass through the length of TSV 58. The resulting

beam 60 will contain a perturbation of index of a refraction and other



anomalies and may be received and analyzed by detector 62 to determine
information pertaining to stress or defects around TSV 58.

[0018] Referring to Fig. 3, an interferometry-based approach is shown.
As depicted, a beam of IR light 72 is emitted from IR light source 70 (e.g., less
than approximately 1.12 eV). Beam 72 will be split by beam splitter 73 into
first portion 72A and second portion 72B. As further shown, first portion 72A
will be passed through TSV 76 of semiconductor device 74(e.g., via optic(s)
80A) while portion 72B is routed around device 74. The resulting beam 78 will
be recombined with portion 72B by beam combiner 82 (e.g., via optic(s) 80B)
to yield a recombined beam 84 that will be analyzed by detector 86 similar to
Fig. 2 to determine information about stress or defects in or around TSV 76.
Using this approach may yield improved contrast and resolution and provide a
basis for comparison (i.e., between portion 72A passing through the material
around the TSV 76 and portion 72B).

[0019] As shown and described, the IR-based approaches discussed
herein can provide a non-invasive, in-situ and high through-put detection of
stress around a TSV pattern. These approaches can also be used as a real
time monitor of stress during thermal cycling in order to prevent the formation
of high stress and defects for process optimization. Moreover, the
approaches can provide in-depth information regarding buried stress and/or
defects around a TSV without cross sectioning the sample. The
interferometry (phase sensitive) technique of Fig. 3 can provide much better

contrast, resolution and sensitivity.



[0020] In various embodiments, design tools can be provided and
configured to create the data sets used to pattern the semiconductor layers as
described herein. For example, data sets can be created to generate
photomasks used during lithography operations to pattern the layers for
structures as described herein. Such design tools can include a collection of
one or more modules and can also include hardware, software, or a
combination thereof. Thus, for example, a tool can be a collection of one or
more software modules, hardware modules, software/hardware modules, or
any combination or permutation thereof. As another example, a tool can be a
computing device or other appliance on which software runs or in which
hardware is implemented. As used herein, a module might be implemented
utilizing any form of hardware, software, or a combination thereof. For
example, one or more processors, controllers, application-specific integrated
circuits (ASIC), programmable logic arrays (PLA)s, logical components,
software routines, or other mechanisms might be implemented to make up a
module. In implementation, the various modules described herein might be
implemented as discrete modules or the functions and features described can
be shared in part or in total among one or more modules. In other words, as
would be apparent to one of ordinary skill in the art after reading this
description, the various features and functionality described herein may be
implemented in any given application and can be implemented in one or more
separate or shared modules in various combinations and permutations. Even

though various features or elements of functionality may be individually



described or claimed as separate modules, one of ordinary skill in the art will
understand that these features and functionality can be shared among one or
more common software and hardware elements, and such description shall
not require or imply that separate hardware or software components are used
to implement such features or functionality.

[0021] While the invention has been particularly shown and described
in conjunction with exemplary embodiments, it will be appreciated that
variations and modifications will occur to those skilled in the art. For example,
although the illustrative embodiments are described herein as a series of acts
or events, it will be appreciated that the present invention is not limited by the
illustrated ordering of such acts or events unless specifically stated. Some
acts may occur in different orders and/or concurrently with other acts or
events apart from those illustrated and/or described herein, in accordance
with the invention. In addition, not all illustrated steps may be required to
implement a methodology in accordance with the present invention.
Furthermore, the methods according to the present invention may be
implemented in association with the formation and/or processing of structures
illustrated and described herein as well as in association with other structures
not illustrated. Therefore, it is to be understood that the appended claims are
intended to cover all such modifications and changes that fall within the true

spirit of the invention.
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CLAIMS
What is claimed is:
1. A method for infrared (IR)-based metrology, comprising:
passing a beam of IR light from an IR light source through a material
around a through silicon via (TSV) of a semiconductor device; and
analyzing the beam of IR light after being passed through the material
around the TSV to determine information pertaining to stress or defects

around the TSV.

2. The method of claim 1, the analyzing comprising measuring a perturbation
of a set of optical properties of the material around the TSV along a path of

the beam of IR light.

3. The method of claim 2, the measuring comprising applying the following

. T 2p
algorithm: Af (x,y) = L AN(x, Y, Z)I_ zdz .

4. The method of claim 1, further comprising:
emitting a beam of IR light from the IR source; and
splitting the beam into a first portion and a second portion, the passing

comprising passing the first portion through the material around the TSV.
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5. The method of claim 4, further comprising combining the first portion and
the second portion after the first portion has passed through the material

around the TSV.

6. The method of claim 5, the analyzing comprising analyzing the beam of IR

light after the combining.

7. The method of claim 1, the beam of IR light having a photon energy less

than approximately 1.12 eV.

8. A method for infrared (IR)-based metrology, comprising:
emitting a beam of IR light using an IR light source;
passing the beam of IR light through a material around a through
silicon via (TSV) of a semiconductor device along a predetermined path; and
analyzing the beam after being passed through the material around the

TSV to determine information pertaining to stress or defects around the TSV.

9. The method of claim 8, the analyzing comprising measuring a perturbation

of an index of refraction along a path of the beam.

10. The method of claim 9, the measuring comprising applying the following

. T 2p
algorithm: Af (x,y) = L AN(x, Y, Z)I_ zdz .
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11. The method of claim 8, further comprising splitting the beam of IR light
into a first portion and a second portion, the passing comprising passing the

first portion through the material around the TSV.

12. The method of claim 11, further comprising combining the first portion and
the second portion after the first portion has passed through the material

around the TSV to yield a recombined beam of IR light.

13. The method of claim 12, the analyzing comprising analyzing the

recombined beam of IR light.

14. The method of claim 8, the beam of IR light having a photon energy less

than approximately 1.12 eV.

15. A method for infrared (IR)-based metrology, comprising:

emitting a beam of IR light using an IR light source;

splitting the beam of IR light into a first portion and a second portion;

passing the first portion of the beam of IR light through a material
around a through silicon via (TSV) of a semiconductor device;

combining the first portion with the second portion after the passing;
and

analyzing the beam after the combining to determine information

pertaining to stress or defects around the TSV.
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16. The method of claim 15, the analyzing comprising measuring a

perturbation of an index of refraction along a path of the beam.

17. The method of claim 16, the measuring comprising applying the following

. ) T 2p
algorithm: Af (x,y) = L ANn(X, Yy, Z)I_ zdz .

18. The method of claim 15, the beam of IR light having a photon energy less

than approximately 1.12 eV.

19. The method of claim 15, the analyzing comprising applying an

interferometry technique.

20. The method of claim 15, the method being performed in real-time.
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