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REMOVABLE OPAQUE COATING FOR ACCURATE OPTIHCAL
TOPOGRAPHY MEASUREMENTS ON TOP SURFACES OF TRANSPARENT
FILMS

CROSS REFERENCE TO RELATED APPLICATIONS
{00011 Thisapplication claims priorty under 35 U.S.C. §119 from US. Provisional
Application Number 62/748 300, entitled “"REMOVABLE QPAQUE COATING FOR
ACCURATE OPTICAL TOPOGRAPHY MEASUREMENTS ON TOP SURFACES
OF TRANSPARENT FILMS,” filed on October 19, 2018, the subject matier of which

is incorporated herein by reference,

TECHNICAL FIELD
{00021 The described embodnments relate generally to optical topography
measurement and more particularly to improved optical topography measurements on

top surfaces of transparent films using removable opaque coating.

{0003] Optical topography measurements on transparent films on semiconductor
wafers are itnpacted by transparent films effects affecting the accuracy of the
measurement. Existing techniques used to compensate for transparent films effects are
based on correction models which require additional information about the optical
properties and thickness of the film{s). If this additional information aboot films
properties is incorrect or incomplete, the correction will be inaccurate. While correction
models may be useful in experimental or engineering analysis with well-known actual
optical films properties, they are oo complex and foo time consuming for production
metrology in hugh volume manufaciuring environments with varying actual films

properties.



WO 2020/081882 PCT/US2019/056839

SUMMARY
{00041 Ina first novel aspect, a method of using removable opaque coating for
accurate optical topography measurements on top surfaces of transparent filmg
includes: depositing a highly reflective coating onto a top surface of a wafer, measuring
topography on the highly reflective coating, and removing the highly reflective coating
from the wafer.
{00051 In a second novel aspect, the highly reflective coating includes an organic
material.
{0008] In athird novel aspect, the highly reflective coating comprises a refractive
mdex value between one and two.
{00071 Ina fourth novel aspect, the highly reflective coating comprises a complex
wavelength greater than one at six-hundred and thirty-five nanometers.
{00081 Ina fitth novel aspect, the highly reflective coating reflects at least twenty
percent of incident hight,
{00091 Ina sixth novel aspect, the highly reflective coating when depostted
maintams an underlaver pattern topography at a resolution of at least forty by forty

mcrometers.

{0010] In aseventh novel aspect, the highly reflective coating does not canse shape
changing stress fo the wafer,

[0011] Further details and embodiments and techniques are described in the
detailed description below. This summary does not purpont to define the invention.

The tnvention is defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
{00121 The accompanymg drawings, where like numerals indicate like components,
Husteate embodiments of the invention.
{00131 FIG. 1 i3 a diagram illustrating light reflections from multiple interfaces
between transparent layers.
{00141 FIG. 2 is a diagram Hlustrating light reflection only from the top surface
high reflectivity coating.

{00181 FIG. 3 is a diagram illustrating multiple steps of a wafer measuring process.

A
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{00161 FIG. 4 is a disgram tlusirating a wafer high reflectivity coating process.

{00171 FIG. 3 is a flowchart 100 descenibing high reflectivity wafer coating process.

DETAILED DESCRIPTION
{00181 Reference will now be made in detail to background examples and some
embodiments of the invention, examples of which are illustrated in the accompanying

LR

drawings. In the description and claims below, relational terms soch as ™op®, "down”,
“upper”, "lower”, "top”, "bottom”, "left” and "right" may be used to describe relative
orientations between different parts of a structure beimg described, and itis 1o be
undersiood that the overall structure being described can actually be oriented in any
way i three-dimensional space.

{00192] Wafer shape and topograpghy metrology is an important area and 1s gaining
mereasing importance in semiconductor industry. Many inkine wafer processing steps
comprise the use of one or more transparent layers. Wafers often are fabricated on top
of a substrate that is also at least partially transparent. When using optical metrology to
measure characteristics of an at least partially transparent layer, not all of the mcident
Jight reflects from the top surface. The light that does not reflect from the top surface of
the at least partially ransparent laver, travels through the at least partially transparent
layer and then reflects from other subsequent sourfaces. These reflections from
subsequent surfaces cause maccurate optical measurements of the top surface of the at
feast partially transparent fayer. The reason for the naccuracy is that the Hght
reflecting from the top surface cannot be differentiated fron the light reflecting from
the bottom surface of the at feast partially transparent layer. Therefore, what s a
contour on the bottom surface of the at least partially transparent layer may appear as a
contour on the top surface of the at least partially transparent faver.

{00201 FIG. 1 sllustrates the multiple reflections of incident light upon the top
surface of an at least partially transparent layer. The wafer iHlustrated m FIG. |
comprises six lavers. Layer six (nd) is a substrate that is partially transpavent.  Layers
one through five are also at least partially transparent. During optical inspection an
meident light 1s directed to the top surface of layer one. In this example, measurement
of the characteristics of the top surface of layer one is desired. However, due to the at

least partial transparency of the laver one the indictment lght is not totally reflected by
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layer one, Rather, a portion of the mcident light travels through layer one and reflects
from the surface interface between layer one and laver two. A portion of the incident
light also travels through two and reflects from the surface interface between layer two
and laver three. A portion of the mcident light also travels through layver three and
reflects from the surface interface between layer three and layer four. A portion of the
meident light also travels through laver four and reflects from the surface interface
between layer four and layer five. A portion of the incident also travels through layer
five and reflects from the sorface interface between layer five and layer six. A portion
of the incident light also travels through laver six and reflects from the bottom surface
of laver six. Accordingly, FIG. 1 illusirates that multiple reflections of the incident
light from the wafer are produced that are not reflections from the desired top surface of
the top transparent layer, To improve meastrement of characteristics of the top surface
of the transparent laver a new method is needed.

{00211 A new method 1s ilustrated in FIG. 2. FIG. 2 llustrates high reflectivity
coating, also referred 1o as a “physical layer”, to improve optical measurements of the
transparent laver top surface. A highly reflective coating 15 deposited on the top surface
of the transparent layer top surface. The highly reflective coating is deposited such that
the hughly reflective coating has an even thickness across the top surtace of the top
transparent layer. The even thickness of the deposited highly reflective coating ensures
that the top surface of the deposited highly reflective costing matches the top surface of
the first transparent layer, In one example, the highly reflective coating material
reflects at least twenty percent of the mceident light. The increased reflectivity of the
high reflectivity coating increases the ability to differentiate, based on hght intensity,
the light reflected from the highly reflective coating from light reflected from the
subsequent layers,

{00221 In one example, the highly reflective coating is an organic material, such as
a type of photoresist.

{00231 [ another example, the highly reflective coating has a refractive index valug
between one and two.

{00241 In another example, the highly reflective coasting comprises a complex

wavelenath greater than one at six-hundred and thinty-five nanometers.



WO 2020/081882 PCT/US2019/056839

{00251 lnanother example, the highly reflective coating reflects at least twenty
percent of incident light.

[0026] In another example, the highly reflective coating when deposited maintains
an underlayer pattern topography at a resolution of forty by forty nucrometers.

{0027] Inanother example, the highly reflective coating does not cause destructive
stress to the top transparent layer top surface.

{00281 Inanother example, the highly reflective coating does not cause destructive
stress to the top transparent layer.

{0028] In another example, the highlv retlective coating does not cause destructive
ot shape or topography changing stress to the wafer.

{00301 Inanother example, the lughly reflective coating does not comprise metal.
{0031] In another example, the highly reflective cogting is opagoe.

{00321 FIG. 3 illustrates the steps for measuring the top surface characteristics of a
transparent layer using a highly reflective coating. In step one, the top surface of the top
transparent layer of a wafer is not coated. In step two, the top surface of the top
transparent laver of the wafer is coated 1 a highly reflective coating. In one example,
the coating is an organic, nor-metallic, material. In another example, the coating is a
metallic fayer. The coating prevents reflections from the bottom of transparent films or
internal interfaces of the film stacks. Therefore, only the light reflected from the top
surface is used to measure wafer top surface topelogy. 1t is noted herein, use of organic
material for coating s advantageouns in that deposition of organic films does not
merease lms stress 1o levels where stress induces wafer bending.

{0033] In step three, topography of the top surface of the wafer coated in highly
reflective coating is measured. Measwring top surface topography after coating the
water provides a more accurate optical topography measurement in the presence of
transparent films since transparent films effects such as distortion of the reflected phase
or loss of variation of reflected light intensity are avoided.

{00341 Instep four, the hughly reflective coating is removed. The highly reflective
coating can be removed using various methodologies. In one example, the highly
reflective coating 1s removed using a solvent. Solvents include, but are not mited to,

propylene glveol methyl ether, ethyl lactate, tetramethylammonium hydroxide.

Ty
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{00351 FIG. 4 ithuwstrates g method for depositing the highly reflective coating to the
top surface of the wafer. The wafer is in contact with a vacuuwm chuck. A dispenser of
the highly reflective material is located above the wafer. The wafer 1s then rotated
while the dispenser dispenses the highly reflective material onto the top surface of the
wafer, While the wafer is rotated by the vacuum chuck, the dispenser is moved so to
deposit the highly reflective material at the center of the wafer or at the outer edge of
the water and all positions in between.

[0036] FIG. 515 a flowchart describing the steps of removable opaque coating for
accurate optical topography measurements on top surfaces of wansparent fihns, In step
101, a highly reflective coating is disposed onto the top surface of the wafer. In step
102, top surface topography measwrements are made of the highly reflective coating. In
one example, The surface topography measurement 1s performed using an optical
mnterferometry based full water geometry metrology platform that can measure wafer
shape, wafer flainess, dual-sided nanotopography and high-resolution edge roll-oft.
{00371 Instep 103, once the stop surface topography measurements are completed,
the highlv reflective coating 1s removed from the wafer without damaging the wafer. In
one example, the reflective coating 1s removed using solvents, such as propylene glyeol
methyl ether, ethyl lactate, tetramethvlammoniom hydroxide. In step 104, the water is
is further processed for final use.

{00381 This method of using removable epaque coating for accurate optical
topography measurements on top surfaces of transparent films alows:

{00391 - Accurate measurement of top swrface topography

[0040] - Prevent physical damage to top surface of wafer when topography is
measured by way of physical contact with the wafer.

{0041] - Faster measurement time by using optical measurements.

{0042] - Fast removal of the high reflectivity coating by solvent wash.

{00431 Although certam specific embodiments are described above for instructional
purposes, the teachings of this patent docwment have general apphicability and are not
limited to the specific embodiments described above. Accordingly, various
modifications, adaptations, and combinations of various features of the described
embodiments can be practiced without departing from the scope of the invention as set

forth in the claims.
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Listing of Claims

What is claimed is:

1. A method, comprising:
depositing a highly reflective coating onto a wafer;
measuring topography on the highly reflective coating; and
removing the highly reflective coating from the wafer.

2. The method of Claim 1, wherein the highly reflective coating comprises organic

material.

3. The method of Claim 1, wherein the highly reflective coating comprises a refractive

index value between one and two.

4. The method of Claim 1, wherein the highly reflective coating comprises a complex
wavelength greater than one at six-hundred and thirty-five nanometers.

5. The method of Claim 1, wherein the highly reflective coating reflects at least twenty
percent of incident light.

6. The method of Claim 1, wherein the highly reflective coating when deposited
maintains an underlayer pattern topography at a resolution of forty by forty micrometers.

7. The method of Claim 1, wherein the highly reflective coating does not cause

destructive stress to the wafer.

8. The method of Claim 1, wherein the highly reflective coating does not comprise

metal material.
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9. The method of Claim 1, wherein the highly reflective coating is opaque.

10. The method of Claim 1, wherein the wafer comprises a layer of transparent

material.

11. The method of Claim 1, wherein the depositing of the highly reflective coating is
performed by a spin coater.

12. The method of Claim 1, wherein the measuring topography is performed using an
optical interferometry.

13. The method of Claim 1, wherein the wafer shape is measured.

14. The method of Claim 1, wherein wafer flatness is measured.

15. The method of Claim 1, where dual-sided nanotopography is measured.

16. The method of Claim 1, wherein high-resolution edge roll-off is measured.

17. The method of Claim 1, wherein the removing of the highly reflective coating is

performed using a solvent.

18. The method of Claim 17, wherein the solvent is propylene glycol methyl ether.

19. The method of Claim 17, wherein the solvent is ethyl lactate.

20. The method of Claim 17, wherein the solvent is tetramethylammonium hydroxide.
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