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Multi-Stage, Multi-Zone Substrate-Positioning Systems

RELATED APPLICATION

{6001} This apphication claims priority to ULS, Provisional Patent Application No.
60/862.8935, filed on June 1§, 2019, which is incorporated by referenice in its entivety for all

purposes,
TECHNICAL FIELD

[0002} This disclosure relates to systems for positioning asubstdate (&g, 8
semiconducior wafer or reticle}, and move specifically to substrate-positioning systems with

multiple translation stages.
BACKGROUND

{0003} Translation stages are used in chambers {e.g., vaduuny chambers) to transhate
substrates. For example, an x-v-z translation stage may be used i a vacuum chamber to
iranstate a substrste oy three divections (L.e., u the x~, y-, and z-directions). Such a stage may be
used in 3 scanning slectron microscope (SEM). Translation stages use lubricant, which
outgasses and thus contaminates the chamber and the substrate. Plastic materials {e.g., insulators
and motor components) in translation stages also outgas, further contaminating the chamber and
the substrate. Translation stages are hard to cool, because the flexible tubing that might be used
to provide coolant is another source of outgassing.

{00064} Translation stages, especially x-y-z translation stages, tead to be heavy, A typical
x-y-z translation stage might weigh approximately 100 kg, This weight causes the stage to move
slowly (e.g., taking 200-500 milliseconds 1o move a few millimeters) and to bave a long settling

time during which vibrations attenuate.
SUMMARY

joans)] Accordingly, there i3 a need for improved subsirate-positioning systems and

methods.
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{6006] in some embodiments, a system includes a first x-y transiation stage, a second x-y
translation stage, and a chuck, which are disposed in a chamber. The second x-y translation
stage is sttuated above and coupled to the first x-y translation stage. The chuck s situated above
and coupled to the second x-vy translation stage. The chuck is configured to support a substrate
and to be translated by the first and second x-v stages in x~ and y~directions, wherein the x~ and
y-directions are substantially paralle] to a surface of the chuck on which the substrate is to be
mounted. A first barrier and a second barrier are also disposed in the chamber. The first barrier
18 coupled to the first x~y translation stage to separate a first zone of the chamber from a second
zone of the chamber, The second barrier is coupled to the second x-v translation stage to
separate the first zone of the chamber from a third zone of the chamber. The first zone includes
space above and beside the chuck. The second zone includes space beside the first x-y

translation stage. The third zone includes space beside the second x-v translation stage.

{0007} o some embodiments, a method includes mounting a substrate on a chuck o be
transiated in a chamber by a first x-y translation stage and a second x-v translation stage. The
second x~y {ranslation stage is situated above and coupled to the first vy translation stage. The
chuek is situated above and coupled to the second x-y translation stage. A first barrier is coupled
to the first x-y translation stage to separate a first zone of the chamber from a second zone of the
chamber. A second barrier is coupled to the second x-y translation stage to separate the first
zone of the chamber from a third zone of the chamber. The first zone includes space above and
beside the chuck. The second zone includes space beside the first x-y translation stage. The
third zone includes space beside the second x-y wranslation stage. With the substrate mounted on
the chuck in the chamber, the first x-y translation stage is translated to a first position. With the
first x-y translation stage translated to the first position, the second x-y translation stage is

transiated to scan a first portion of the substrate.

joUnB] In some embodiments, a method includes coupling a first x-y translation stage to a
second x-v translation stage, such that the second x-v translation stage is disposed above the first
x-y translation stage. A chuack configured to support a substrate is coupled to the second x-y
transiation stage, such that the chuck is disposed above the second x-v translation stage. The
chuck, first x-y translation stage, and second x-v translation stage are installed v a chamber. A
first barrier, coupled 1o the first x-v translation siage, s installed to separate a first zone of the
chamber from a second zone of the chamber. A second barrier, coupled to the second x-y
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transtation stage, is installed to separate the first zone of the chamber from a third #one of the
chamber. The first zone includes space above and beside the chuck. The second zone includes
space beside the first x-v translation stage. The third zone includes space beside the second x-v

transfation stage.

BRIEF DESCRIPTION OF THE DRAWINGS

] For g better understanding of the various described implementations, reforence

shopld be made 1o the Detailed Description below, in conjunction with the following drawings,

{0010} Figure 1 is a cross-sectional view of a chamber that contains a multi-stage, multi-

zone substrate~-posttioning system with bellows, in accordance with some embodiments,

feory Figure 2 s a cross-sectional view of a chamber that contains a multi-stage, multi-
zone substrate-positioning system with a z stage and bellows, in accordance with seme

embodiments.

{ouE2] Figure 3 15 a plan view of a chuck surrounded by bellows, in accordance with

some embodimens,

{68013 Figure 4 is a cross-sectional view of a chamber that contains.a mulli-stage, muli-
wone subsivate-positioning svstent with bellows that each inclode two cotnected sequenges-of

goncertinasd sides, in accordance with some embodiments,

jouidg] Figore § is g cross-sectional view of a chamber that contains g multi-stage, multi-
zone substrate-positioning system with partially overlapping plates, in accordance with some
embodiments.

{6015} Figure 6 15 a cross-sectional view of g chamber that contains a nunlti-stage, multi-
zong substrate-positioning system with a z stage and pactially overlapping plates, in accordance
with some embodiments,

jouis] Figare 7 is g cross-sectional view of a vacuum chamber with an inspection~tool
head and a multi-stage, multi-zone substrate-positioning system with bellows, in accordance with

some embodiments,
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{87} Flgure 8 is a cross-sectional view of a vacuum chamber with an inspection-tool
head and a multi-stage, multi-zone substrate-positioning system with plates, in accordance with

some embodiments.

[6018] Figure 9 15 a cross-sectional view of a chamber configured to operate at
atruospheric pressure and containing a multi-stage, multi-zone sybstrate-positioning system with
bellows, in accordance with some embodiments,

{0019} Figure 10 is a cross-sectional view of & chamber configured 1o operate at
atmospheric pressure and containing & multi-stage, multi-zone substrate-positioning system with

plates, in accordance with some embodiments.

{00204 Figure 11 shows a map of & semiconductor wafer with Mations for a linear

actuator, 1 accordance with some embodiments.

L ERE R Figare 1215 a flowchart showing a substrate-positioning method in sccordance

with some embodiments:

{60221 Figure 13 is a Sowchart showiig a method of fabricating a substrate-positioning

system iy accordance with some embodiments

{00234 Figure 14 i3 a block diagram of a system {e.g., an ingpection system) that

performs translation of a substrate in accordance with some embodiments.

a4} Like reference numerals refer to corresponding parts throughout the drawings and

specification.

DETAILED DESCRIPTION

{0625] Reference will now be made in detail to various embodiments, examples of which
are iltustrated in the accompanying drawings. In the following detailed deseription, numerous
specific details are set forth in order to provide a thorough snderstanding of the varibus
described embodiments. However, it will be apparent to one of ordinary skill in the art that the
vartous described embodiments may be practiced without these specific details. In other
mstances, well-known methods, procedures, components, circuits, and networks have not been

described in detail so as not to unnecessarily obscure aspects of the embodiments.
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{26] Figare 1 is a cross-sectional view of a chamber 102 that contains g mulit-siage,
multi-zone substrate-posttioning svstem in accordance with some embodiments, The substrate-
posttioning system includes a first x-v translation stage 104, a second x-y translation stage 106,
and a chuck 108, The second x-y translation stage 106 is situated above and coupled to {e.g.,
directly connected to) the first x-y translation stage 104, The first x-y translation stage 104 18
alse referred to as the lower stage or lower platform, and the second x-~v translation stage 106 is
also referred to as the upper stage or apper platform. The chuck 108 is situated above and
coupled to {e.g., directly connected t0) the second x-y translation stage 106. In the example of
Figure 1, the chuck 108 is thus coupled to the first x-y translation stage 104 through the second
x~y franslation stage 106, The chuck 108 is configured to support a substrate 110 (e.g, a
semiconductor wafer or reticle). In some embodiments, the chamber 102 is part of an inspection
system for inspecting substrates 110, A substrate 110 may be mounted on the chuck 108,
inspected, and then removed from the chamber 102, The first x-y fransiation stage 104 and
second x-y translation stage 106 translate the chuck 108 and substrate 110 during the ingpection
process. In some embodiments, the first X-v trapsiation stage 104 andfor second x-y translation

stage 106 use ai bearmngs or mechanical beanings or are Hexore-based.

{6027} The first x-y translation stage 104 and second x-y translation stage 106 move in
the x~y plane (i.e., in x- and y-directions). in Figure 1, the x-direction is horizontal, the y-
direction is perpendicular to the page {or vice-versa), and the z-direction is vertical. The x- and
y-directions are substantially parallel {e.g., to within manufacturing tolerances) to the surface of
the chuck on which the substrate 110 is mounted {or is to be mounted, when the substrate 11015
not present). Movement of the first x-y translation stage 104 translates (1.e., moves) the second
x-y translation stage 106 and the chock 108, Movement of the second x-v translation stage 106
transiates the chuck 108 but not the first x-y transhation stage 104 The first x~y translation stage
104 may move while the second x-y translation stage 1006 is stationary relative to the first x-v
transhation stage 104, The second x-y translation stage 106 may move while the first x-v

transfation stage 104 is stationary.

{00281 in some embodiments, the travel forscanning the cutire substate 110 (o.g.,
beneath an inspection-toot head 704, Figares 7-8) is sphit hetween the first x-y translation stage
104 and the second x-y translation stage 106, The first x-v translation stage 104 is configured 10
provide a first amount of travel (1.e., has a frst maximum amount of travel) that is insufficient to
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scan the entire subsivate 110, The second x~y translation stage 106 is configured to provide a
second amount of travel (1Le., has a second maxinmum amount of travel) that is also insufficient to
scan the entire substrate 110, The first and second amounts of travel together, however, are
sufficient to scan the entive substrate 110: added together, they equal or exceed the amount of
fravel needed to scan the entire substrate 110, For example, the first amount of travel and the
second amount of travel may each be equal to half of the amount of travel needed to scan the
entire sabstrate 110, In this example, if the sabstiate 110 is a semiconductor wafer, then the fivst
amount of travet and the second amount of travel are each plus and minus one fourth of the wafer
digmeter in both the x- and y-directions. If the semiconductor wafer is a 300 mum wafer {i.e, has
8 300 mm diameter) in this example, then the first amount of travel is & 75 mm in the x-direction
and = 75 mm in the y-direction, and the second amount of travel is & 75 mon in the x-direction
and = 75 mm in the y-direction. In other examples, the first amount of travel and the second
amount of travel are not each equal to half of the amount of travel needed to scan the entire
substrate 110, For example, the first amownt of travel may be greater than half (e.g | 70%) of the
amount of travel needed to scan the entire substrate 110 and the second amount of ravel may be

less than half (e.g., 30%) of the amount of travel needed to scan the entive subsirate 110.

{6029] In some embodiments, the first x-y translation stage 104 is heavier than the
second x-y translation stage 106. For example, the first x-v translation stage 104 may be 70-80
kg while the second x-y translation stage 106 may be 2-15 kg (e.g, 10-15 kg, or 2-10 kg, or 2-3
kg). Decreasing the weight of the second x-v ranslation stage 106 increases speed, reduces
stopping time, and reduces settling time during which vibrations attenuate for the second x-y
transiation stage 106, Weight of the second x~y translation stage 106 may be traded off against
the second amonnt of travel: the weight of the second x-y translation stage 106 may be reduced
by reducing the second amownt of travel and increasing the first amount of travel accordingly, so
that the entire substrate 110 can still be scanned. For example, the second amount of travel may
be less than half the amount of fravel needed {0 scan the entire subsirate 110, and the first
amcuent of travel may be more than half the amount of travel needed to scan the entire substrate
110,

jo030] Dividing the travel for scamung the entire substrate 110 between the first x-y
teanstation stage 104 and the second x-y translation stage 106 allows respective barriers to be
used to divide the chamber 102 mto distinct zones that are sealed off from each other. In some
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embodiments, these barriers are bellows. Inthe thamber 102, fivst bellows 112 s coupled o
{e.z., directly connected to) the first x-y translation stage 104, Second bellows 114 is coupled o
{e.g., directly connected to) the second x-y translation stage 106. The first bellows 112 may be
coupled between the first x-v translation stage 104 and a wall of the chamber 102 (e.g., an
interior surface extending around the inside of the chamber 102). The second bellows 114 mav
be coupled between the second x-y translation stage 106 (e.g., an cuter side surface of the second
-y translation stage 106) and the first x-v translation stage 104 {e.g., a comer or top surface of
the first x-y translation stage 104}, The first bellows 112 18 a first barvier that separates a first
zone 116 of the chamber 102 from a second zone 118 of the chamber 102, The second bellows
114 is a second barrier that separates the first zone 116 of the chamber 102 from a third zone 120

of the chamber 102, The first bellows 112 and second bellows 114 may be stainless steel.

{0031} The first bellows 112 and second bellows 114 act as respective flexible skirts
around the first x-y translation stage 104 and the second x-y translation stage 106 to separate the
zones 116, 118, and 120, As Figure 1 shows, the first zone 116 mcludes space above and beside
the chuck 108, the second zone 118 includes space beside the first x~y translation stage 104, and
the third zone 120 mcludes space beside the second x-y translation stage 106, The flexibility of
the bellows 112 and 114, which results from their concertinaed sides, allows portions of the
beliows 112 and 114 to compress and expand in the x-y plave 10 acconmodate respective travel
of the first x-y translation stage 104 and the second x-v translation stage 106. This travel and
accompanying deformation of the bellows 112 and 114 changes the shapes and locations of the
zones 116, 118, and 120 accordingly. Using separate bellows 112 and 114 for the first and
second x-y translations stages 104 and 106, as opposed to a single bellows extending from a
single translation stage, limits the extent of each bellows 112 and 114, preventing them from
collapsing and preventing successive sides of the bellows from rubbing against each other. Such
rubbing would cause friction and generate particles that would contaminate the chamber 102 and
substrate 110, The bellows 112 and 114 are considered two-dinensional (2D) bellows, because
they accommodate two-dimensional motion {i.e., in the x-y plane) of the first and second x-y
transiations stages 104 and 106,

[0032} in some embodiments, the substrate-positioning svstern of the chamber 102 also
inchudes a z stage that moves the chuck 108 and substrate 110 in the z-direction (i.e., vertically
up and down). Figure 2 is a cross-sectional view of the chamber 102 with a subsirate-positioning

7



WO 2020/257223 PCT/US2020/038042

systen that includes a = stage 122 in addition o the components of Figure 1. The 2 stage 122
may be coupled between the first x-y wanslation stage 104 and the second x-y translation stage
106. The chuck 108 thus may be coupled to the first x~y translation stage 104 through the
second x-y transiation stage 106 and the z stage 122, The z-stage 122 moves the second x-y
transkation stage 106, chuck 108, and substrate 110 (assuming the substrate 110 is mounted on
the chuck 108) up and down, but does not move the first x-y transiation stage 104, Movement of

ge 122 as well as the second x-v translation

3

the first x-y translation stage 104 translates the z sta
stage 106, chuck 108, and substrate 110 {assuming ihe substrate 110 is mounted on the chuck

108).

{00333 Figure 3 is a plan view of a chuck 300 swrounded by bellows 302, in accordance
with some embodiments. The chuck 300, which is an example of the chuck 108 (Figures 1.2}, is
mounted on a second x-y transtation stage 106 (Figures 1-2), which is not visible in Figure 3
because it is ohscured by the chack 300, The bellows 302 1s an example of bellows 114 (Figures
1-2). In some embodiments, the inner circumiference of the bellows 302 is connected to the side
of the second x-y translation stage 106 and the outer circumference of the bellows 302 4s

connected to the first x-y wanslation stage 104 {not shown).

{60343 In the example of Figure 3, the chuck 300 has been translated from g center
position to a position that is offset to the lower-right side of Figure 3. The lower-right portion of
the bellows 302 has compressed accordingly, while the upper-left portion of the bellows 302 has

expanded accordingly.

{0035] The chuck 300 is circular. The bellows 302 are circular, 2D bellows.
Ahernatively, the chack 300 and bellows 302 may have different shapes. For example, the
chuck 300 may be rectangudar fe.g., with a recessed circalar surface to receive a semiconductor
wafer) and the bellows 302 may be rectangular, 2D bellows. Similarly, the bellows 112 {Figures

1~2) may be circular 2D bellows or rectangalar 2D bellows.

{0036} The bellows 112 and 114 each include a single sequence of concertinaed sides, as
shown in Figures 1-2. Alternatively, each bellows may be implemented using two connected
sequences of concertinaed sides. Figure 4 is a cross-sectional view of the chamber 102 in which
the bellows 112 and 114 are replaced with respective bellows 400 and 406, each of which

includes two connected sequences of concertinaed sides, in accordance with some embodiments.
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{137] The bellows 400, which are coupled to {e.g., directly connected to) the first x-v
translation stage 104, includes a first sequence 402 of concertinaed sides connected to g second
sequence 404 of concertinaed sides. In some embodiments, the ssquences 402 and 404 are
arranged in series between the first x~y transation stage 104 and a wall of the chamber 102 (e.g.,
an mterior surface extending around the inside of the chamber 102). When the bellows 400 gre
not fully extended, the first sequence 402 extends downward from its point of coupling with the
first x~y translation stage 104 to the point at which it connecis to the second sequence 404, The
second sequence 404 extends upward from the point at which i connects to the first sequence

402 to its point of conpling with the wall of the chamber 102,

j0038] The bellows 406, which are coupled to (e.g., directly connected to} the second x~y
transiation stage 106, meludes a first sequence 408 of concertinaed sides connected to a second
sequence 410 of concertinaed sides. In some embodiments, the sequences 408 and 410 are
arvanged in serjes between the second x~y transiation stage 106 and a plate 412 that extends
vertically from the first x-v translation stage 104 {e.g., from a top surface or corner of the first x-
y translation stage 104}, Whey the bellows 406 are not fully extended, the first sequence 408
extends downward from its point of coupling with the second x-v translation stage 106 to the
point at which it connects to the second sequence 410, The second sequence 410 extends
upward from the point at which # connects to the first sequence 408 to its point of coupling with
the plate 412 {e.g., to the far end of the plate 412). The dual-sequence configuration of the
bellows 400 and 406 provides low friction and therefore reduces the force used to move the first

and second x-y translation stages 104 and 106.

{6639] The bellows 400 and 406, like the bellows 112 and 114, are 2D bellows: they
accormmodate two-dimensional motion (i.e., in the x-v plane) of the first and second x-v
translations stages 104 and 106

0046} Bellows are one type of barrier that may be used to separate the zones 116, 118,
and 120. For another type of barrier, partially overlapping plates separated by a narrow gap are
used.

[6041}] Figure 3 is a cross-sectional view of the chamber 102 in which pairs of partially
overlapping plates serve as respective first and second barriers 300 and 506 that separate the

zones 116, 118, and 120, The first barrier 500 inclades a plate 502 that extends from the fivst x-y
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transiation stage 104 and a plate 504 that partially overlaps with the plate 502 (i.e., a portion of
the plate 504 overlaps a portion of the plate 502} and is separated from the plate 502 by a gap
3503, The second barrter 306 includes a plate SO8 that extends from the second x-y translation
stage 106 and a plate 510 that partially overlaps with the plate 508 (1.2, a portion of the plate 510
overlaps a portion of the plate S08) and is separated from the plate 508 by a gap 512, In some
embodiments, the plate 504 is connected to a wall of the chamber 102 {e.g., an interior surface
extending around the inside of the chamber 102). In some embodiments, the plate 51015
connected to {e.g., extends from) the first x~y translation stage 104 {(e.g, a top swrface or corner
of the first x-y translation stage 104). The plate 310 mav be bent or curved to accommodate this
conpection. 1o some embodiments, the gaps 5035 and 312 are in the range of 0.3-1.0 mm wide
{i.2, the distance between the overlapping portions of respective plates 15 0.5-1.0 sum). The
plates 502, 504, 508, and 510 may be stainless steel. In some embodiments, a z stage 122 1s also
present {e.g., coupled between the first x-y translation stage 104 and the second x-v translation

stage 106, as shown in Figure 6 in accordance with some embodiments.)

[8042) The use of plates for the first and second barriers 500 and 306 reduces the force
used to move the first and second x-y translation stages 104 and 106, However, the resulting

gaps 505 and 512 cause the zones 116, 118, and 120 not to be completely sealed from each other.

{0043} In some embodiments, a substrate-positioning system may use bellows 112 or 400
as g first barrier and plates 506 as a second barrier. In some embodiments, a substrate-
positioning system may use plates 500 as a first barrier and bellows 114 or 406 as a second

barrier.

{60443 In some embodiments, the chamber 102 is a vacuum chamber (e.g., for an
electron microscope, such as a SEM). Figure 7 and 8 are cross-sectional views of a vacuum
chamber 702 in accordance with some embodiments, The vacoum chamber 702, which is an
example of the chamber 102, includes the first and second x~y translation stages 104 and 106 and
chuck 108, and also includes an inspection-tool head 704 {e.g., an electron-nsicroscope head,
sich as a SEM head) that extends into the vacuum chamber 702, (A substrate 11045 potshown
in Figure 7 but may be present. The vacnum chamber 702 optionally alse includes a  stage,

such as the z stage 122, Figures 2 and 6.3 The chuck 108 is positioned beneath the head 704, A
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substrate 110 mounted on the chuck 108 may be scanned beneath the head 704 by moving the

first and second x-y translation stages 104 and 106, thus allowing inspection of the substrate 110,

{0045} 1n the example of Figure 7, hellows 112 and 114 separate the first zone 116 from
the second and third zones 118 and 120. Iu the example of Figure 8, plates 500 and 306 separate
the first zong 116 from the second and third zones 118 and 120, One or more vacuwn pumps
706 are connected to the first zone 116 to provide a vacoom in the fivst zone 116, One or more
vacuum pumps 708 are connected to the second and third zones 118 and 120 1o provide a
vacuun in the second and thind zones 1B and 120, The second zone 118 may be connected 1o
the third zone 120 through one or more passages 710 {(e.g., an opening or tubing} in the first x-y
transation stage 104 to allow the pump(s) 708 to pump down the third zone 120 ag well as the
second zone 118, In some embodiments, the pump({s} 706 provide an ultra-bugh vacuum (UHV}
in the first zone 116, while the pump{s} 708 provide a lower (L.e., higher pressure) vacuum (e.g.,
a technical vacwam that is lower than, and thus has higher pressure than, UTHVY) in the second and
third zones 118 and 120. UHV is a standard, well-known technical term that refers to vacunms
with a pressure on the order of 107 torr or lower, For example, the pump(s) 70& may provide a
technical vacuum on the order of 107 torr in the second and third zones 118 and 120
Maintaining respective vacuums on both sides of the bellows 112 and 114 avoids pressure on the

beliows 112 and 114 that could damage them or interfere with their operation.

[0046] Sealing the first zone 116 from the second and third zones 118 and 120 using
either bellows 112 and 114 (Figure 7} or plates 500 and 506 (Figure B), along with solid onter
surfaces of the first and second x-v wanslation stages 104 and 106, prevents contaminants that
outgas into the second and third zones 118 and 120 from reaching the first zone 116, For
embodiments using plates 300 or 306, a small amount of contamination may pass through the
gaps 305 and 512 into the first zone 116, but the fevel of contamination is dramatically reduced
compared to systems without barriers. These contaminants, which may include contammants
that cutgas from nsulators and plastic motor components in the translation stages and lubricant
for the translation stages, thus do not contaminate the substrate 110 or the head 704 {(or such
sontamination 13 dramatically reduced). Defects in the substrate 110 are reduced sccordingly,
and reliability of the head 704 15 improved {e.g., time between performing plasma cleanings of
the chamber 702 is increased). In a prophetic example, a vacuum on the order of 1077 torr may
be achieved in the first zone 116,
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{8047] Motion of the first and second x-v translation stages 134 and 106 generates heat.
In some embodiments, Hexible tubing 712 is disposed in the second zone 118 1o provide liguid
coolant {e.g., water) to the first x-y translation stage 104 to cool the stage. The tubing 712 may
extend to the second x-y transiation stage 106 to cool that stage as well. The tubing may be
polymer-based {e.g., plastic). Such materials ouigas, but barriers {e.g., bellows 112 and 114,
Figure 7, or plates 500 and 506, Figure 8) prevent this outgassing from degrading the vacuum in

the first zone 116 and from contaminating the sobstrate 110 and head 704.

{6048} In some embodiments, the chamber 102 operates at atmospheric pressure.

Figures 9 and 10 are cross-sectional views of a chamber 902 configured to operate at
atmospheric pressure, m accordance with some embodiments. In some embodiments, the
chamber 902 1s part of an optical inspection system for optically inspecting substrates 113, The
chamber 902, which is an example of the chamber 102, includes the first and second x-y
transhation stages 104 and 106 and chuck 108, (A substrate 110 13 not shown in Figure 9 nt may
be present. The chamber 902 optionally also includes a z stage, such as the z stage 122, Figures
2 and 6.} In the example of Figwre 9, bellows 112 and 114 separate the first zone 116 from the
second and third zones 118 and 120. In the example of Figure 10, plates 500 and 506 separate

the first zone 116 from the second and third zones 118 and 120,

{6049 The first zone 116 is convected to a purge inlet line 904 o introduce gas to the
first zone 116 during operation and a purge exhaust line 906 to vent the gas from the first zone
116 during operation. The gas may be substantially oxvgen-free {e.g., to within purification
capability}, causing the first zone 116 1o be substantially oxygen-free (e.g., at atmospheric
pressure) during operation, while oxygen may be present in the second and third zones 118 and
120 during operation {e.g., with the second and third zones 118 and 120 at atmospheric
pressure). In some embodiments, the gas is Na. For example, the first zone 116 may be
configured for nittogen pwrge at atmospheric pressure during operation, and the second and third
zones 118 and 120 may be configured to be at atmospheric pressure during operation.

{0030] In some embodiments {e.g., in accordance with any of Figures 1-10), the fivst x-y
transiation stage 104 includes {g.g . is implemented as) a linear actuator configured o travel
between specified stations. The stations are predefined before a substrate 110 15 loaded onto the

chack 108, in accordance with some embodimenis. Figure 11 shows a map of a semiconductor
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water 1100 with four stations 1102 (the center of the wafer may be a fifth station), in accordance
with some embodiments. The semiconductor wafer 1100 is an example of a substrate 110, The
four stations 1102 are centers of respective quarters 1101 mnto which the semiconductor wafer
1100 is divided. The first x~y transiation stage 104 is configured for wavel 1104 from the center
of the wafer 1o the stations 1102 and/or between the stations 1102, For example, the travel 1104
causes the wafer 1100 to move from being centered beneath a head 704 to having a station 1102
centered beneath the head 704, or from having one station 1102 centered beneath the head 704 to
having another station centered beneath the head 704, With the first x~y translation stage 104
located at a station 1102, the second x-y translation stage 106 is configured for travel 1106
across the respective quarter 1101 (e.g., continuously back and forth across the quarter 1101} to
sean the quarter {¢.g., such that the entire quarter 1101 passes beneath the head 704). The second
x-y translation stage 106 is thus configured 1o provide travel 1o scan respective quarters 1101 of
the semiconductor wafer 1100 with the linear actuator situated at respective stations 1102, in
accordance with some embodiments. The arrangement of stations 1102 shown in Figare 1 is
merely one possible arrangement; other arrangements and numbers of stations are possible. The
use of a linear actuator simplifies the design of the first 3~y translation stage 104 and reduces its

weight and cost.

0051} Figure 12 is a flowchart showing a substrate-positioning method 1200 in
accordance with some embodiments. In the method 1200, a substrate 110 is mountad (1202) on
a chuck 108 1o be translated in a chamber 102 (e.g., chamber 702, Figures 7-8; chamber 902,
Figures 9-10) by a first x-y translation stage 104 and a second x-y translation stage 106. The
second x-y translation stage 106 i3 situated above and coupled to the first x-y translation stage
104, The chuck 108 s sttvated above and coupled to the seeend x-y translation stage 106, A
first barrier is coupled to the first x-y translation stage 104 to separate a first zone 116 of the
chamber 102 from a second zone 118 of the chamber 102, The first zone 116 includes space
above and beside the chuck 108 and the second zone 118 includes space beside the first x-y
transfation stage 104, A second barvier is coupled to the second x~v translation stage 106 to
separate the first zone 116 of the chamber 102 from a third zone 120 of the chamber 102, The
third zone 120 mchudes space beside the second x-y translation stage106.

{8052 In some embodiments, the first barrier mcludes (1204) first bellows {g.g., bellows
112 or 400) coupled between the first x-y wanslation stage 104 and a wall of the chamber 102
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The second barrier inclades (1204} second bellows {e.g., bellows 114, 302, or 406} coupled

between the second x-y translation stage 106 and the first x-y translation stage 104,

{0033 In some embodiments, the first barrier inclodes (1208) a fivst plate 502 extending
from the first x-v translation stage 104 and a second plate 304 having a portion that overlaps a
portion of the first plate 502 and is separated from the first plate 502 by a first gap 505, The
second barrier includes (1208) a third plate 308 extending from the second x-y translation stage
106 and a fourth plate 310 having a portion that overlaps a portion of the third plate 508 and is

separated from the third plate 508 by a second gap 512,

0084 o some ewbodiments, the first zone 116 19 pumped (1208) to provide UHV (2. g,
by vacuum pump{s} 706, Figures 7-8). The second and third zones 118 and 120 are pumped
{1208} to provide a vacuum level with a higher pressure than the UHV of the first 2one 116 {e.g,

by vacuum pump(s) 708, Figures 7-8).

{0055] In some embodiments, the first zone 116 s nitrogen-purged (1210} at atmospheric
pressure {e.g., using purge lines 904 and 906, Figares 9-10). The second zone 118 and the third

zone 120 are maintained {(1210) at atmospheric pressure,

00564 With the substrate 110 mounted on the chock 108 in the chamber 102, the first x-y
ransiation stage 104 s translated (1212} (e.g., with travel 1104, Figare 11) to a regpective
position (e.g., a first position, a second position, etc.) {e.g., a respective station 1102, Figwre 11)
of a plurality of positions. With the first x-v translation stage 104 translated to the respective
position, the second x-v translation stage 106 is translated (1214} {(e.g., with travel 1106, Figure
11} to scan a respective portion of the substrate 1100 Steps 1212 and 1214 are repeated for
another position {e.g., another station 1102, Figare 11} of the plurality of posittons if there are
remaining positions of the phurality of positions to which the first x-v translation stage 104 has
not vet been transtated (1216-Yes), Accordingly, the fivst x-y translation stage 104 is translated
o respective positions of a plurality of positions. With the first x-v translation stage 104
transiated 10 each position of the plorality of positions, the second x-y translation stage 10638
translated to scan a respective portion of the substrate 110, Once the first x-y translation stage
104 has been translated to every position of the plurality of positions {1216-No), and the
substrate 110 has been scamned accordingly, the substrate 110 is unloaded (1218} from the

chamber 102,
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{57 While the method 1300 includes a number of operations that are shown i a
spectfic order, the method 1300 can include more or fewer operations. Operations may overlap
and two of more operations may be combined into a single operation. For example, step 1208 or

1210 may be performed throughout the method 1200.

{B058] Figore 13 s a flowchart showing a method 1300 of fabricating a substrate-
positioning system in accordance with some embodiments. In the method 1300, a {irst xoy
transtation stage 104 s coupled {1302} to a second x-y translation stage 106, such that the second
x-v translation stage 106 is disposed above the first x-y translation stage 104, A chuck 108 &5
coupled (1304) to the second x-y translation stage 106, such that the chuck 108 is disposed above
the second x-v transiation stage 106, The chack 108 is configured to support a substrate 110
The chuck 108, first x~y translation stage 104, and second x-y translation stage 106 are installed

{1306) in & chamber 102,

{6639] A first barrier, coupled to the first x-¥ translation Stage 104, s ostalled (1308) 1o
separate a first zone 116 of the chamber 102 from a second zone 118 of the chamber 102, The
first zone 116 includes space above and beside the chuck 108, The second zone 118 includes
space beside the first x-y franslation stage 104, 1n some embodiments, the first bavvier includes
{1310) first bellows {e.x, bellows 112 &r 400} coupled betwaen the first x-y translation stage 104
and 2 wall of the chamber 102, In some embodiments, the first barrier inclades (1312) a first
plate 502 extending from the first x-v translation stage 104 and a second plate 504 having a
portion that overlaps a portion of the first plate 502 and is separated from the first plate 302 by a
first gap 50§,

{6060} A second barrier, coupled to the second x-v translation stage 106, is installed
{1314} to sepavate the first zone 116 of the chamber 102 from a third zone 120 of the chamber
102. The third zone 120 includes space beside the second x-v translation stage 106, In some
embodiments, the second barrier includes (1316) second bellows {e.g., bellows 114, 302, or 406)
coupled between the second x~v translation stage 106 and the first x~v transiation stage 104, In
some embodiments, the second barrier inclodes (1318) a third plate SO8 extending from the
second x-y translation stage 106 and a fourth plate 310 having a portion that overlaps a portion

of the third plate 508 and is separated from the third plate 508 by a second gap 512

S
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jaiel] While the method 1300 includes a number of operations that are shown i a

specific order, the method 1300 can include more or fewer operations. An order of two or more
operations may be changed or may overlap and two or more operations may be combined into a
single operation. For example, the chuck 108, first X~y translation stage 104, and/or second x-v

translation stage 106 may be coupled together as they are installed in the chamber 102

{0062} Figure 14 is a block diagram of a systeny 1400 that performs translation of a
substrate 110 in accordance with some embodinents, In some embodiments, the system 140015
an inspection system for inspecting substeates 110, For example, the system 1400 may be a
semiconductor-wafer inspection system or a reticle inspection system. The system 1400 includes
a tool 1430 {e.g., a substrate inspection tool) that includes a multi-stage substrate-positioning
system in a chamber 102 {e.g, chamber 702, Figures 7-8 chamber 902, Figures $-10).

Examples of the tool 1430 include, without limitation, an electron microscope (e.g., a SEM) with
a head 704 (Figures 7-8) or an optical inspection tool. The multi-stage substrate-positioning
system includes a first x-y translation stage 104, a second x-v translation stage 106, and a chuck

108, and may include a 2 translation stage 122,

18063} The systeny 1400 also includes a computer systern with one or more Processors
1402 {e.p., CPUK), user interfaces 1406, memory 1410, and commusication bus{es) 1404
inferconnecting these components and the fool 1430, Alternatively, the computer system may be
conmuaicatively conpled with the tool 1430 through one or more networks 1440, The computer
system may further inchude one or more network intesfaces {wired and/or wireless, not shown)
for communicating with the tool 1430 and/or remote computer systems. The user interfaces
1410 may include a display 1407 and one or more input devices 1408 {e.g.. a keyboard, mouse,
touch-sensitive surface of the display 1407, etc). The display 1307 may display results

generated by the systern 1400 {e.g., substrate-inspection resulis),

jot64] Memory 1410 includes volatile andfor non-velatile memory. Memuory 1410 (c.g.,
the non-volatile memory within memory 1410} includes a non-transitory computer-readable
storage medivm. Memory 1410 optionally inclades one or more storage devices remotely
located from the processors 1402 andfor a non-transitory computer-readable storage medium that
is removably inserted into the system 1400, In some embodiments, memory 1410 {e.g., the non-

transtiory computer-readable storage medium of memory 1410) stores the following modules
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and data, or a spbset or superset thereof an operating sysiem 1412 that includes procedures for
handling various basic system services and for performing hardware-dependent tasks, an
inspection module 1414 for inspecting substrates 110, a wranslation module 1416 for translating
substrates 110 (e.g., during inspection}, and a reporting module 1418 for reporting resulis {e.g.,
inspection results). The memory 1410 (e.g., the non~transitory computer-readable storage
medium of the memory 1410) may mclude instructions for performing all or a portion of the
method 1200 (Figure 12). Each of the modules stored in the memory 1410 corresponds to a set
of instructions for performing one or more functions described herein. Separate modules need
not be implemented as separate software programs. The modules and various subsets of the
modules may be combined or otherwise re-arranged. For example, the inspection module 1414

and transiation module 1416 may be combined. In some embodinents, the memory 1410 stores

a subset or superset of the moduoles andfor data structures identified above.

{0065} Figure 14 is intended more as a functional deseription of various features that may
be present in the system 1400 than as g structural schematic. For example, the functionality of
the compadter system in the-systern 100 may be split between multiple devices. & portion of the
modules stored in the memory 1410 may alternatively be stored in one or more other computer
systems communicatively coupled with the computer system of the system 1400 through one or

more networks.

jooen] In some prophetic examples, use of a substrate-positioning system as described
herein (e.g., as fabricated in accordance with the method 1400 and/or operated in accordance
with the method 1300) prophetically provides a move-acquire-measure (MAM) time of 30-40 ms
for a travel distance of 10-20 mm with nanometer-level settling stability. In some prophetic

exarples, the second x-y translation stage 106 provides 1-3 mm of travel in 20 ms.

{00674 The forepoing description, for purpose of explanation, has been described with
reference to specific embodiments. However, the iHlustrative discussions above are not intended
to he exhaustive or to lunit the scope of the claims to the precise forms disclosed. Many
modifications and varigtions are possible in view of the above teachings. The embodiments were
chosen in order to best explain the principles underlying the claims and thew practical
applications, to thereby engble others skilled in the art to best use the embodiments with various

modifications as are suited to the particular uses contemplated.
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Claims

l. A system comprising, in a chamber:

a first x-y translation stage movable in x- and y-directions;

a second x-y translation stage situated above and coupled to the first x-y translation stage,
the second x-y translation stage being movable in the x- and y-directions while the first x-y
translation stage is stationary;

a chuck, situated above and coupled to the second x-y translation stage, to support a
substrate and to be translated by the first and second x-y stages in the x- and y-directions,
wherein the x- and y-directions are substantially parallel to a surface of the chuck on which the
substrate is to be mounted,;

a first barrier, coupled to the first x-y translation stage, to separate a first zone of the
chamber from a second zone of the chamber, wherein the first zone includes space above and
beside the chuck and the second zone includes space beside the first x-y translation stage; and

a second barrier, coupled to the second x-y translation stage, to separate the first zone of
the chamber from a third zone of the chamber, wherein the third zone includes space beside the

second x-y translation stage.

2. The system of claim 1, wherein:

the first x-y translation stage is configured to provide a first amount of travel that is
insufficient to scan the entire substrate;

the second x-y translation stage is configured to provide a second amount of travel that is
insufficient to scan the entire substrate; and

the first and second amounts of travel together are sufficient to scan the entire substrate.

3. The system of claim 2, wherein each of the first amount of travel and the second amount

of travel is half of an amount of travel for scanning the entire substrate.

4. The system of claim 1, wherein:

the first barrier comprises first bellows coupled between the first x-y translation stage and
a wall of the chamber; and

the second barrier comprises second bellows coupled between the second x-y translation

stage and the first x-y translation stage.
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S. The system of claim 1, wherein:

the first barrier comprises a first plate extending from the first x-y translation stage and a
second plate having a portion that overlaps the first plate and is separated from the first plate by a
first gap; and

the second barrier comprises a third plate extending from the second x-y translation stage
and a fourth plate having a portion that overlaps the third plate and is separated from the third

plate by a second gap.

6. The system of claim 5, wherein:
the second plate is connected to a wall of the chamber; and

the fourth plate is connected to the first x-y translation stage.

7. The system of claim 1, wherein the chamber is a vacuum chamber, the system further
comprising:

one or more first pumps to pump the first zone to an ultra-high vacuum; and

one or more second pumps to pump the second zone and the third zone to a vacuum level

with a higher pressure than the ultra-high vacuum of the first zone.

8. The system of claim 7, wherein the ultra-high vacuum of the first zone is on the order of
1012 torr.
9. The system of claim 7, wherein the chamber further comprises a scanning electron

microscope (SEM) head that extends into the first zone.

10.  The system of claim 7, further comprising flexible tubing in the second zone to provide

liquid coolant to the first x-y translation stage.

11.  The system of claim 1, wherein:

the first zone is configured for nitrogen purge at atmospheric pressure during operation;
and

the second zone and third zone are configured to be at atmospheric pressure during

operation.
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12.  The system of claim 1, wherein the first x-y translation stage comprises a linear actuator

having a plurality of defined stations to travel between.

13.  The system of claim 12, wherein:

the substrate is a semiconductor wafer;

the plurality of defined stations comprises centers of each quarter of the semiconductor
wafer; and

the second x-y translation stage is configured to provide travel to scan respective quarters
of the semiconductor wafer with the linear actuator situated at respective stations.

14.  The system of claim 1, wherein the second zone and the third zone are connected.

15.  The system of claim 1, wherein the first x-y translation stage is heavier than the second x-

y translation stage.
16.  The system of claim 15, wherein the second x-y translation stage weighs 2-15 kg.
17.  The system of claim 1, wherein the substrate is a semiconductor wafer or reticle.

18. A method, comprising:
mounting a substrate on a chuck to be translated in a chamber by a first x-y translation
stage and a second x-y translation stage, wherein:

the second x-y translation stage is situated above and coupled to the first x-y
translation stage;

the chuck is situated above and coupled to the second x-y translation stage;

x- and y-directions are substantially parallel to a surface of the chuck on which
the substrate is mounted,;

a first barrier is coupled to the first x-y translation stage to separate a first zone of
the chamber from a second zone of the chamber, wherein the first zone includes space above and
beside the chuck and the second zone includes space beside the first x-y translation stage; and

a second barrier is coupled to the second x-y translation stage to separate the first
zone of the chamber from a third zone of the chamber, wherein the third zone includes space

beside the second x-y translation stage;

20



with the substrate mounted on the chuck in the chamber, translating the first x-y
translation stage in the x- and y-directions to a first position; and

with the first x-y translation stage translated to the first position, translating the second x-
y translation stage in the x- and y-directions to scan a first portion of the substrate.

19.  The method of claim 18, comprising:

with the substrate mounted on the chuck in the chamber, successively translating the first
x-y translation stage to respective positions of a plurality of positions; and

with the first x-y translation stage translated to each position of the plurality of positions,

translating the second x-y translation stage to scan a respective portion of the substrate.

20.  The method of claim 18, further comprising, with the substrate mounted on the chuck in
the chamber:

pumping the first zone to provide an ultra-high vacuum; and

pumping the second zone and the third zone to provide a vacuum level with a higher

pressure than the ultra-high vacuum of the first zone.

21.  The method of claim 18, further comprising, with the substrate mounted on the chuck in
the chamber:

nitrogen-purging the first zone at atmospheric pressure; and

while nitrogen-purging the first zone, maintaining the second zone and the third zone at

atmospheric pressure.

22.  The method of claim 18, wherein:

the first barrier comprises first bellows coupled between the first x-y translation stage and
a wall of the chamber; and

the second barrier comprises second bellows coupled between the second x-y translation
stage and the first x-y translation stage.

23.  The method of claim 18, wherein:

the first barrier comprises a first plate extending from the first x-y translation stage and a
second plate having a portion that overlaps a portion of the first plate and is separated from the
first plate by a first gap; and
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the second barrier comprises a third plate extending from the second x-y translation stage
and a fourth plate having a portion that overlaps a portion of the third plate and is separated from

the third plate by a second gap.

24.  The method of claim 18, wherein translating the second x-y translation stage to scan a

first portion of the substrate comprises moving the second x-y translation stage 1-5 mm in 20 ms.

25.  The method of claim 18, wherein translating the second x-y translation stage to scan a
first portion of the substrate comprises achieving a move-acquire-measure time of 30-40 ms for a
travel distance of 10-20 mm.

26. A method, comprising:
coupling a first x-y translation stage to a second x-y translation stage, comprising
disposing the second x-y translation stage above the first x-y translation stage;
coupling a chuck to the second x-y translation stage, comprising disposing the chuck
above the second x-y translation stage, wherein the chuck is configured to support a substrate;
installing the chuck, first x-y translation stage, and second x-y translation stage in a
chamber, wherein:
x- and y-directions are substantially parallel to a surface of the chuck on which
the substrate is to be mounted,
the first x-y translation stage is movable in the x- and y-directions, and
the second x-y translation stage is movable in the x- and y-directions while the
first x-y translation stage is stationary;
installing a first barrier, coupled to the first x-y translation stage, to separate a first zone
of the chamber from a second zone of the chamber, wherein the first zone includes space above
and beside the chuck and the second zone includes space beside the first x-y translation stage;
and
installing a second barrier, coupled to the second x-y translation stage, to separate the
first zone of the chamber from a third zone of the chamber, wherein the third zone includes space

beside the second x-y translation stage.
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27.  The method of claim 26, wherein:

the first barrier comprises first bellows coupled between the first x-y translation stage and
a wall of the chamber; and

the second barrier comprises second bellows coupled between the second x-y translation

stage and the first x-y translation stage.

28.  The method of claim 26, wherein:

the first barrier comprises a first plate extending from the first x-y translation stage and a
second plate having a portion that overlaps a portion of the first plate and is separated from the
first plate by a first gap; and

the second barrier comprises a third plate extending from the second x-y translation stage
and a fourth plate having a portion that overlaps a portion of the third plate and is separated from
the third plate by a second gap.
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