wo 2212/006111 A2 I 00 0 OO O

(19) World Intellectual Property Organization

(12) INTERNATIONAL

International Bureau

(43) International Publication Date
12 January 2012 (12.01.2012)

APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2012/006111 A2

(51)

(1)

(22)

(29)
(26)
(30)

(71)

(72)
(79)

International Patent Classification:
GO01B 11/30 (2006.01) GO1N 21/88 (2006.01)

International Application Number:
PCT/US201 1/04223 1

International Filing Date:

28 June 201 1 (28.06.201 1)
Filing Language: English
Publication Language: English
Priority Data:
12/833,093 9" July 2010 (09.07.2010) us
Applicant (for all designated States except US): KLA-

TENCOR CORPORATION [US/US]; Lega Depart-
ment, One Technology Drive, Milpitas, Cdifornia 95035
us).

Inventors;, and

Inventors/ Applicants (for US only): YOUNG, Scott A.
[US/US]; 4440 Prescott Road, Soquel, California 95073
(US). CAVAN, Danie, L. [USUS]; 7 Orchard Hill
Road, Woodside, California 94062 (US). ZHANG, Yale
[CA/US]; 538 Anacapa Terrace, Sunnyvale, California
94085 (US). BALAN, Aviv [US/US]; 2557 Mardell Way,
Mountain View, California 94043 (US).

(74)

(81)

(84)

Agent: MCANDREWS, Kevin; KLA-Tencor Corp., Le-
ga Department, 1 Technology Drive, Milpitas, California
95035 (US).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind d regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, Sz, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FlI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, ClI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54)

Title: ACTIVE PLANAR AUTOFOCUS

N
S

Controller
202

Position
Offset
Table 206

Focus
Sensor
208

Image
Sensor
210

Chuck
Sensor
212

l Substrate 214

1 Chuck 216

Z Motor
—1 XY Stage 204 |

218

Fig. 2

(57) Abstract: A system for inspecting a constant layer
depth relative to a particular device layer. The system has
an image sensor with a fixed focal plane. A focus sensor
senses the surface topography of the substrate and outputs
afocus data stream. A stage moves the substrate in an XY
plane, and a motor moves the substrate in a Z dimension.
A controller operates the system in one of a setup mode
and an inspection mode. In the setup mode the controller
controls XY movement of the substrate so asto scan afirst
portion of the substrate. The controller receives the focus
data stream, concurrently receives XY data, and stores
correlated XYZ data for the substrate. In the inspection
mode the controller controls XY movement of the sub-
strate so as to scan a second portion of the substrate. The
controller receives the focus data stream, concurrently re-
ceives XY data, and subtracts the stored Z data from the
focus data stream to produce a virtual data stream. The
controller feeds the virtual data stream plus an offset to the
motor for moving the substrate up and down during the in-
spection, thereby holding the focal plane at a desired Z
distance, regardless of the surface topography of the sub-
Strate.
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ACTIVE PLANAR AUTOFOCUS
FIELD

[0001] This invention relates to the field of integrated circuit fabrication. More
particularly, this invention relates to auto focus mechanisms, such as are used during the

optical inspection of integrated circuits.

INTRODUCTION

[0002] The optical inspection of integrated circuits requires very precise control of the
desired focal plane. Asthe term isused herein, "integrated circuit" includes devices such
as those formed on monoalithic semiconducting substrates, such as those formed of group
IV materias like silicon or germanium, or group I11-V compounds like gallium arsenide,
or mixtures of such materials. The term includes all types of devices formed, such as
memory and logic, and al designs of such devices, such as MOS and bipolar. The term
also comprehends applications such as flat panel displays, solar cells, light emitting diode
arrays, and other substrates containing multiple repeating three dimensional electrical

circuitry structures.

[0003] Modern integrated circuits often exhibit a sculpted topography. Asvarious layers
are deposited and partialy removed and new layers are added on top, a surface
topography of mesas and valleys (so to speak) develops across the surface of the
integrated circuit. Thus, a given process layer of the integrated circuit may or may not
exist at any particular X/Y point on the surface of the device. A plane that definesthe Z
location of this layer might then cut through the mesas and over the valleys.

[0004] Unfortunately, the auto focus systems of current inspection tools tend to get
confused by one or more of avariety of different factorsthat are present during integrated
circuit inspection. For example, the range of heights and depths in the Z axis of the
sculpted surface topography as described above tends to confuse an auto focus
mechanism, causing the focal plane to shift from the desired layer (that exists on asingle

plane) to the ever-shifting level of the surface topography of the integrated circuit (or
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elsewhere). In addition, noise that is introduced by the movement of the motor and the
chuck that moves the substrate relative to the inspection optics can cause the auto focus
mechanism to move away from the desired inspection plane. Further, bow across the
substrate and vibration that is external to the tool introduce more variables that tend to

shift the focal plane away from the desired inspection plane.

[0005] What is needed, therefore, is a system that reduces the substrate topography
response while generaly retaining the ability to respond in real time to other Z

disturbances such as substrate bow and vibration.

SUMMARY OF THE CLAIMS

[0006] The above and other needs are met by an optical inspection system for inspecting
a substrate a a constant layer depth relative to a particular device layer. The inspection
system has an image sensor with a fixed focal plane. A focus sensor senses Z distance in
regard to the surface topography of the substrate and outputs the Z distance in a focus
data stream. The focus sensor and the image sensor are disposed in aknown relationship.
An XY stage moves the substrate in an XY plane relative to the image sensor and the
focus sensor, and a Z motor moves the substrate in a Z dimension relative to the image
sensor and the focus sensor. A controller selectively operates the optical inspection

system in one of a setup mode and an inspection mode.

[0007] In the setup mode the controller controls XY movement of the substrate using the
XY stage so as to scan a first portion of the substrate under the focus sensor. The
controller receives the focus data stream from the focus sensor, concurrently receives XY
data from the XY stage, and stores correlated XYZ data for the first portion of the
substrate in a memory. In the inspection mode the controller controls XY movement of
the substrate using the XY stage so as to scan a second portion of the substrate under the
focus sensor and the image sensor. The controller receives the focus data stream from the
focus sensor, concurrently receives XY data from the XY stage, and subtracts the Z
distance in the memory from the focus data stream of the focus sensor to produce a
virtual data stream, where the Z distance from the memory is correlated with the XY data
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from the stage. The controller feeds the virtual data stream plus an offset to the Z motor
for moving the substrate up and down during the inspection, thereby holding the focal
plane a adesired Z distance, regardless of the surface topography of the substrate.

[0008] In this manner, the fixed focal plane of the image sensor is held a a desired layer
of the integrated circuit, regardless of the differences in the surface topography of the
integrated circuit a any given position. Further, the setup mode can be accomplished for
a given repeating pattern of the integrated circuits on the substrate, such as for a single
die or reticle field. The inspection mode can then be applied to al of the die or reticle
fields on the substrate (and for similar substrates) without repeating the setup procedure.

[0009] In various embodiments, the first portion is the entire substrate. In other
embodiments the first portion is one or more reticle fields of the substrate. In some
embodiments the second portion is the entire substrate. In other embodiments the second
portion is one or more reticle field of the substrate. In some embodiments the first
portion is a subset of the second portion. In other embodiments the first portion is
identical to the second portion. In some embodiments the offset is avalue that holds the
focal plane above the virtual data stream. In other embodiments the offset is avalue that

holds the focal plane below the virtual data stream.

[0010] According to another aspect of the invention there is described a method for
inspecting a substrate a constant layer depth relative to a particular device layer of the
substrate by controlling XY movement of the substrate so asto scan afirst portion of the
substrate under a focus sensor, sensing XY position of the substrate during the XY
movement, concurrently sensing Z distance in regard to the surface topography of the
substrate with the focus sensor, storing correlated XY Z data for the first portion of the
substrate, controlling XY movement of the substrate so asto scan a second portion of the
substrate under the focus sensor and an image sensor, where the focus sensor and the
image sensor are disposed in a known relationship, sensing XY position of the substrate
during the XY movement, concurrently sensing Z distance in regard to the surface
topography of the substrate with the focus sensor, subtracting the stored Z distance from

the sensed Z distance to produce avirtual data stream, where the stored Z distance and
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the sensed Z distance are correlated by the XY position, moving the substrate up and
down relative to the image sensor as directed by the virtual data stream plus an offset,
while scanning the second portion of the substrate, thereby holding a focal plane of the
image sensor a a desired Z distance, regardless of the surface topography of the
substrate, and inspecting the second portion of the substrate at the desired Z distance with

the image sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[001 1] Further advantages of the invention are apparent by reference to the detailed
description when considered in conjunction with the figures, which are not to scale so as
to more clearly show the details, wherein like reference numbers indicate like elements

throughout the several views, and wherein:

[0012] Fig. 1A is across sectional diagram of an integrated circuit a aparticular process

step, showing surface topography and a coplanar inspection layer and focal plane.

[0013] Fig. IB is atop plan view of a substrate with a repeating matrix of patterns
(reticle fields).

[0014] Fig. 2isafunctiona block diagram of an apparatus for measuring the topography
information of an integrated circuit and for optically inspecting an integrated circuit while
maintaining a focal plane to be coplanar with a desired layer of the integrated circuit

according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0015] With reference now to Fig. 1A, there is depicted a cross sectiona diagram of a
portion of an integrated circuit 100, showing surface topography 102 and a desired
inspection layer 104. It is appreciated that the depiction of Fig. 1 is not intended to
represent any specific (or real) integrated circuit 100, but rather just to exemplify
different layers having different thicknesses, residing a different depths under the

surface, with mesas and valleys etched between portions of a given layer.
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[0016] Optical inspection tools according to the various embodiments of the present
invention hold the focal plane 106 coplanar with the desired inspection layer 104 at all
times, regardless of any factors that might be present during the inspection process. For
example, factors such as the topography 102 of the integrated circuit 100, floor vibration,
chuck bumps, and substrate bow do not cause the focal plane 106 to move away from the
desired layer 104. Thus, a focused image of the desired layer 104 is maintained at all

times, regardless of such factors.

[0017] With reference now to Fig. | B there is depicted a substrate 214 with a repeating
matrix of patterns (reticle fields) 112 on the substrate 214. These reticle fields 112
represent, for example, individual die on the substrate 214, where the circuit patterns,
such as circuit 100 as depicted in Fig. 1A, repeat from one die to the next. These
repeating patterns 112 have a constant XY offset from one die pattern to the
corresponding portion of the next die pattern. It is appreciated that the example of Fig.
IB is extremely simplified so as to not unnecessarily encumber the drawing with

insignificant details.

[0018] With reference now to Fig. 2, there is depicted a functional block diagram of a
processor-based inspection tool 200 for inspecting alayer 104 of an integrated circuit 100
on a substrate 214 according to an embodiment of the present invention. In a standard
mode of operation, the tool 200 scans the substrate 214 relative to an image sensor 210.
A focus sensor 208 determines the height of the top surface 102 within the particular field
of view. The controller 202 takes the height information and uses it to move the z motor
218 so that the top surface 102 the substrate 214 at that particular location is moved
toward the focal plane 106.

[0019] However, this standard mode of operation continually shifts the focal plane 106 to
keep the output of the focus sensor 208 constant. Since the focus sensor 208 is typically
sampling a large area of the substrate 214, the actual layer inspected depends upon the
topographic content of the particular autofocus field of view being sampled at any given
point in time. Further, the response of the focus sensor 208 may be sensitive to the

electrical or optical properties of the various layers within the autofocus field of view,
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thereby further confusing the response of the system 200 and making the actual plane of

inspection difficult to determine.

[0020] Because of the repeating nature of the reticle fields 112, equivalent XY reticle
field positions can be inspected at the same Z position relative to some reference surface.
However, if it is desired to keep a specific layer 104 in focus, where the layer 104 does
not reside at all locations on the substrate 214 at a set depth relative to the upper surface

as described in regard to Fig. 1, then such asimplistic focusing mechanism is insufficient.

[0021] Thus, in an advanced mode of operation, the tool 200 senses the topography
information 102 from the substrate 214 during a setup process, and compensates for the
topography information 102 based on XY location in a feed-forward manner during an
inspection process. This process produces what can be thought of as avirtualized surface
for the substrate 214. In this manner, setting the focal plane 106 to a given offset from
the virtualized surface keeps the focal plane 106 a the desired layer 104, as depicted in
Fig. 1.

[0022] Thus, the tool 200 compensates for the topography of the substrate 214 using a
feed-forward method. However, the tool 200 can still dynamically compensate for
variable influences such as Z vibration and the bow of the substrate 214 in a feed-back

manner.
SETUP PROCESS

[0023] The substrate 214 is mounted to a chuck 216 which is mounted to a Z motor 218
which is mounted to an XY stage 204. The XY stage 204 scans the substrate 214 in the
XY plane a afixed height as measured by the chuck sensor 212, so that the focus sensor
208 can detect the surface topography 102 of the substrate 214 a given discrete XY
locations of the substrate 214, thereby developing an XYZ map of the topography 102 of
the substrate 214. Alternately, only a portion of the substrate 214 is scanned, such as a
single reticle field 112.

[0024] This map of the topography 102 of the substrate 214 (or reticle field 112) isthen
further processed to identify topography that is common to all identical reticle field 112



10

15

20

25

WO 2012/006111 PCT/US2011/042231

locations across the substrate 214. Topographic features that are not common to all
identical reticle field locations 112 across the substrate 214 are mathematically removed
from the map data and an averaged reticle field topography map is constructed and stored
in areticle field position offset table 206, which can be located either in the tool 200 or in

some accessibly location external to the tool 200.

[0025] In some embodiments, the topography map is measured and stored only once for a
given substrate containing an integrated circuit 100 at a particular process step, and then
is used thereafter during the inspection of al equivalent types of substrates of integrated
circuits 100 at the same process step. In other embodiments, mathematical models of the
integrated circuit 100 are used to create the topography map, such as might be devel oped
from the design files for the integrated circuit 100. In other embodiments, the topography
map is acquired by keeping the autofocus sensor output constant during the XY mapping

process and reading the chuck sensor position at each discrete XY location.

[0026] Thus, a map of the reticle field 112 topography is constructed, but not of the
substrate 214 topography.

INSPECTION PROCESS

[0027] The substrate 214 topography includes both the reticle field 112 topography and
other things like the bow of the substrate 214 and the bow of the chuck 216, bumps on
the chuck 216, and so forth. Only the reticle field 112 map is played back (subtracted
from the focus sensor 208 output signal) during the inspection process. The key to the
playback isthat the current XY stage 204 position is used as the memory address for the
memory bank containing the reticle field 112 topography map. In some embodiments
there is no dynamic focusing element for the imaging optics 210. The only thing that is
moved to control the image focus is the stage Z, using the Z motor 218. This keeps the
optics for the image sensor 210 focused a a given level, regardless of the surface
topography. In other embodiments the moving element is not the Z stage with the Z
motor 218, but rather afocusing element in the optical path.



10

15

WO 2012/006111 PCT/US2011/042231

[0028] In some embodiments, the topography map that is stored in the position offset
table 206 is played back during the inspection process in the opposite polarity, so as to
cancel the integrated circuit topography response of the auto focus sensor 208. This
topography cancellation signal is based on the XY location of the field of view of the
image sensor 210. Using this feed-forward method, the integrated circuit 100 topography
102 is no longer tracked up and down by the image sensor 210 optics, and the ideal
"planar” response 106 is obtained while still maintaining the ability of the system 200 to
track out chuck contamination Z disturbances.

[0029] The foregoing description of embodiments for this invention has been presented
for purposes of illustration and description. It isnot intended to be exhaustive or to limit
the invention to the precise form disclosed. Obvious modifications or variations are
possible in light of the above teachings. The embodiments are chosen and described in
an effort to provide illustrations of the principles of the invention and its practical
application, and to thereby enable one of ordinary skill in the art to utilize the invention
in various embodiments and with various modifications as are suited to the particular use
contemplated. All such modifications and variations are within the scope of the invention
as determined by the appended claims when interpreted in accordance with the breadth to
which they are fairly, legally, and equitably entitled.
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WHAT ISCLAIMED IS:

1. An optical inspection system for inspecting a substrate at constant layer depth
relative to a particular device layer of the substrate, the inspection system
comprising:
an image sensor having afixed focal plane,

a focus sensor for sensing Z distance in regard to a surface topography of the
substrate and outputting the Z distance in a focus data stream, the focus
sensor and the image sensor disposed in aknown relationship,

an XY stage for moving the substrate in an XY plane relative to the image sensor
and the focus sensor,

a Z motor for moving the substrate in a Z dimension relative to the image sensor
and the focus sensor, and

a controller for selectively operating the optical inspection system in one of a
setup mode and an inspection mode,
in the setup mode the controller for,

controlling XY movement of the substrate using the XY stage so
as to scan a first portion of the substrate under the focus
sensor,

receiving the focus data stream from the focus sensor,

concurrently receiving XY datafrom the XY stage, and

storing correlated XY Z data for the first portion of the substrate in
amemory,

in the inspection mode the controller for,

controlling XY movement of the substrate using the XY stage so
as to scan a second portion of the substrate under the focus
sensor and the image sensor,

receiving the focus data stream from the focus sensor,

concurrently receiving XY datafromthe XY stage,

subtracting the Z distance in the memory from the focus data

stream of the focus sensor to produce avirtual data stream,
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10.

where the Z distance from the memory is correlated with
the XY datafrom the stage, and

feeding the virtual data stream plus an offset to the Z motor for
moving the substrate up and down during the inspection,
thereby holding the focal plane a a desired Z distance,
regardless of the surface topography of the substrate.

The optical inspection system of clam 1, wherein the first portion is the entire
substrate.

The optical inspection system of claim 1, wherein the first portion is at least one
reticle field of the substrate.

The optical inspection system of claim 1, wherein the second portion is the entire
substrate.

The optical inspection system of clam 1, wherein the second portion is at least
one reticle field of the substrate.

The optical inspection system of claim 1, wherein the first portion is a subset of

the second portion.

The optical inspection system of claim 1, wherein the first portion is identical to

the second portion.

The optical inspection system of claim 1, wherein the offset is avalue that holds
the focal plane above the virtual data stream.

The optical inspection system of claim 1, wherein the offset is a value that holds
the focal plane below the virtual data stream.

A method for inspecting a substrate at constant layer depth relative to a particular
device layer of the substrate, the method comprising the steps of:
controlling XY movement of the substrate so as to scan a first portion of the

substrate under a focus sensor,

10
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11.

12.

13.

14.

15.

sensing XY position of the substrate during the XY movement,

concurrently sensing Z distance in regard to a surface topography of the substrate
with the focus sensor,

storing correlated XY Z datafor the first portion of the substrate,

controlling XY movement of the substrate so as to scan a second portion of the
substrate under the focus sensor and an image sensor, where the focus
sensor and the image sensor are disposed in aknown relationship,

sensing XY position of the substrate during the XY movement,

concurrently sensing Z distance in regard to the surface topography of the
substrate with the focus sensor,

subtracting the stored Z distance from the sensed Z distance to produce a virtua
data stream, where the stored Z distance and the sensed Z distance are
correlated by the XY position,

moving the substrate up and down relative to the image sensor as directed by the
virtual data stream plus an offset, while scanning the second portion of the
substrate, thereby holding afocal plane of the image sensor a adesired Z
distance, regardless of the surface topography of the substrate, and

inspecting the second portion of the substrate a the desired Z distance with the

image sensor.
The method of claim 10 wherein the first portion is the entire substrate.

The method of claim 10, wherein the first portion is & least onereticle field of the
substrate.

The method of claim 10, wherein the second portion isthe entire substrate.

The method of claim 10, wherein the second portion is at least one reticle field of
the substrate.

The method of claim 10, wherein the first portion is a subset of the second
portion.

11
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16.

17.

18.

The method of clam 10, wherein the first portion is identical to the second

portion.

The method of claim 10, wherein the offset is a value that holds the focal plane

above the virtual data stream.

The method of claim 10, wherein the offset is a value that holds the focal plane
below the virtual data stream.

12
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