10

15

20

WO 2020/197950

{0001} Reference is hereby made to U.S. Provisional Patent Application Serial

No. 62/823.342  filed March 25, 2019 and entitled NEW APPROACH FOR SELF-

hereby incorporated by reference and priority of which is hereby claimed.

{0002} Reference is also made to the following patents related to the subject

matier of the present mvenlion, the disclosures of which are hereby ncorporated by

reference:

U.S. Patent Nos. 9,864,209 and 10,101,592, both entitled SELF-MOIRE
TARGET DESIGN PRINCIPLES FOR MEASURING UNRESOLVED DEVICE-LIKE
PITCHES, respectively filed May 19, 2016 and December 1, 2017, assigned to the same

assignee as the present invention.

FIELD OF THE INVENTION

{0003] The present invention relates generally to metrology and more particularly

to gratings for use in metrology.

BACKGROUND OF THE INVENTION

10004 Various types of gratings for use in metrology are known in the art.
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{0010

{0011 Preferably, the first and second pe

{00121

{0006] There 1s thus provided in accordance with a preferred embodiment of the

present invention a grating for use in metrology including a periodic structure including

a plurality of units having a pitch P, at least one unit of the plurality of units including at

least a first periodic sub-siructure having a first sub-pitch P smaller than the pitch P, and

at least a second periodic sub-structure arranged along-side and separated from the first

smaller than the pitch P and different from the first sub-pitch P1, P1 and P2 being selected
to vield at least one Moiré pitch P, = P1-P2/{P2 — P1), the pitch P being an integer
multiple of the first sub-pitch Pl and of the second sub-pitch P2

100071 Preferably, P1 and P2 are semiconductor device-like pitches.

[0008] In accordance with a preferred embodiment of the present invention, P/ Py

is substantially equal to 1.

{0009] Alternatively, P/ P is substantially equal to 2.

Preferably, P > 200 nm. Additionally preferably, P1 and P2 <200 nm.

axis, P1 and P2 being defined along the common axis.

embodiment of the present invention, the at least two gratings being arranged in a

mutually layered configuration.

100131 Preferably, the at least two gratings have the same Moiré pitch.

{00147 Alternatively, the at least two gratings have mutually different Moiré

pitches.
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{0015) There 1s additionally provided in accordance with another preferred

the at least one unit and having a second sub-pitch P2 smaller than the pitch P and

different from the first sub-pitch P1, P1 and P2 bemng selected to yield at least one Moiré

pitch P, = P1-P2/(P2 — P1), the pitch P bemg an integer multiple of the first sub-pitch P1
10 and of the second sub-pitch P2.

[0016] In accordance with a preferred embodiment of the method of the present

mvention, P1 and P2 are semiconductor device-like pitches.

100171 Preferably, P/ P. is substantiallv equal to I. Alternatively, P/ Pw 18

substantially equal 10 2.
15 [0018&] Preferably, P > 200 nm. Additionally preferably, Pl and P2 <200 nm.

100191 Preferably, the method also includes arransing the first and second
periodic sub-structures to lie along a common axis, P1 and P2 being defined along the

COMMOn axis.

{0020] Preferably, the method additionally includes arranging at least two gratings

20 in a mutually layered configuration so as to form a metrology target for measurement of

{0021] Preferably, the at least two gratings have the same Moiré pitch.

{0022 Alternatively, the at least two gratings have mutually different Moiré

25  piiches.
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{0024] Fig. 1 is a simplified schematic {op view illustration of a grating useful in

5  metrology measuremen

embodiment of the present invention;

{0025} Fig. 2 is a simplified schematic top view illustration of a unit forming part

-

of a grating of the type shown in Fig. 1;

10026] Fig. 3 is a simplified schematic side view illustration of a metrology target

10 mncluding mutually layered gratings constructed and operative 1n accordance with another

preferred embodiment of the present invention;

100274 Fig. 4 1s a simplitied schematic side view tllustration of a metrology target
inchuding mutually layered gratings, constructed and operative in accordance with yet

-

another preferred embodiment of the present invention; and

15 [0028] Fig. 5 1s a simplified flowchart dlustrating a meirology method using a

orating of the type shown in anv of Figs. 1 — 4.
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preferably, grating 100 may be 1

100311 Units 104 preferably form periodic structure 102 having a pitch P. Pitch P

{0029} Reference is now made to Fig. 1, which is a simplified schematic top view

tllustration of a grating useful in metrology measurements and to Fig. 2, which is a
simplified schematic top view illustration of a unit forming part of a grating of the type
shown in Fig. 1, constructed and operative in accordance with a preferred embodiment of

the present mvention.

{0030} As seen in Figs. 1 and 2, there is provided a grating 100 comprising a

periodic patterned structure 102 formed by a plurality of repeating units 104. Here, by

ncorporated in a target comprising multiple layers of

manufacture of semiconductor devices, as is further detailed hereinbelow with reference

to Figs. 3 and 4.

is preferably of a magnitude so as to be resolvable by standard optical measurement tools,
such as, by way of example only, Archer family tools commercially available from KLA

Corporation of Califormia, USA, for example A700 and ATL100. Bv way of example,

pitch P may be of the order of several hundred or several thousand nanometers. In

accordance with one preferred embodiment of the present invention, pitch P may be in
the range of 200 — 4500 nm. In accordance with another preferred embodiment of the
present invention, pitch P may in the range of 1200 — 2500 nm. It is appreciated that such

a pitch is typically much larger than the pitch of the device design rule of the

PCT/US2020/023741
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{0032} As seen most clearly in Fig. 2, at least one unit of units 104 comprises at

least a first pertodic sub-structure 110 and at least a second pertodic sub-structure 112

aligned therewith. Here, by way of example, each of units 104 of grating 100 15 shown 1o

interlaced or overlapping configuration.

{00331 First periodic sub-structure 110 preferably has a first sub-pitch Pl and

second periodic sub-structure 112 preferably has a second sub-pitch P2, different from

P1. Sub-pitches P1 and P2 are preferably much smaller than pitch P and particularly

preferably are device-like pitches, meaning that pitches P1 and P2 are preferably of the

same order of magnitude as the device design rule pitch of the semiconductor device with

directly unresolved by optical tools. However, first and second sub-pitches Pl and P2 are

preferably selecied so as to vield at least one Moiré pitch Py, in accordance with:

P..=PL-P2/(P2 — PI) (1)

which Moiré pitch P 15 preferably measurable and resolvable by optical tools. Thus,
notwithstanding sub-pitches P1 and P2 being so small as to be unmeasurable by optical
tools, these pitches combinedly yield a Moiré pitch which is measurable and based on

signals from which information may be obtained.

[0034] In accordance with a particularly preferred embodiment of the present

pitches P and P2 of substructures 110 and 112 respectively within pattern 102, as defined

by equation {1). It has been found by the present inventors that when the relationship P/P1

PCT/US2020/023741
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is satisfied within the layer defined by pattern 102 when two evanescent modes with

112. These modes are evanescent outside of the layer defined by pattern 102. However,

L

the amplitude of the two modes within the layer may be comparable to the amplitude of

defined by pattern 102 due to sub-pitches P1 and P2 within pattern 102 may be described

in accordance with

Ly PN 22 x LY
E= const; +a,-err +a_4-€¢ P +hy-eP2 +b_ (e P2 +.. (2)

where a; and by are amphitude coefficients respectively associated with P1

{00351 Based on this, the re-scattering of modes generated by first substructure

110 having ﬂrzst:-:sufbr-pit(:fh-szP i -With_,:respect to second substructure 112 'hzwing second sub-

pitch P2 and vice-versa provides a ‘self-Moiré” mode with diffraction orders propagating

throughout the target and having a Moiré pitch as described by equation (1) and an

amplitude proportional to « -6, and a_,-b, . This amplitude may be of an order of

LS

magnitude comparable io the amplitude of the zeroth order electric field. The Moiré pitch

yielded is measurable and resolved by optical tools, such that measurements relating to
misregistration of a semiconductor device may be performed using a target including

erating 100, despite the pitch of the sub-structures 110 and 112 forming pattern 102 of

grating 100 bemng unresolved.

{0036 The provision, in accordance with preferred embodiments of the

present invention, of a grating comprising unresolved periodic structures having device-

like pitches give rise to a resolved and measurable Moiré pitch is highly advantageous.

The device-like pitch of the grating sub-structures leads to an improvement in accuracy

magpitude that are considerably greater than those of the device design rule.

PCT/US2020/023741
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{0037} It 15 a particular advantage of a preferred embodiment of the present

invention that at least first and second sub-structures 110 and 112 may be arranged 1n a

arrangement is based on the finding by the present inventors, as detailed hereinabove, that
evanescent modes undergoing double scattering to ymid a Moiré mode are generated 1n
piiches of sub-structures 110 and 112 therewithin. The linear arrangement of first and
second sub-structures 110 and 112 to form unit 104 is readily printable and does not
Furthermore, efficient re-scattering occurs between first and second sub-structures 110
and 112, thus giving rise to a Moiré mode measurable by conventional optical tools

known 1n the art.

[0038] It 1s appreciated that pitches P, Pl and P2 are not shown to scale m Figs. 1

and 2 and are illusirated in a highly schematic, representative manner in order to clearly

differentiate between the scales of the various different pitches.

substructures satisfy the requirement that the pitch of pattern 102 is an integer multiple of

the sub-pitches of each of the periodic sub-structures therewithin.

{0040] Preferably, grating 100 may be designed by dividing the pitch P of each

unit 104 of pattern 102 into two parts. Preferably, for ease of analysis of the signal arising
from grating 100 when optical measurements are performed thereon, pitch P of umit 104
is divided into two equal parts. However, pitch P may be divided into more than two parts,

measurements to be performed on grating 100.

PCT/US2020/023741
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{0041} First and second sub-structures 110 and 112 are preferably respectively

located symunetrically within each of the divided parts of unit 104 having pitch P. The
center of first sub-structure 110 and the center of second sub-structure 112 form first and

ry of the signal

arising from grating 100 when optical measwements are performed thereon corresponds

{00421 By wav of example, P1 may be set to be 90 nm, equal to a lithography

design rule pitch. The required measured signal pitch is equal to the Moiré pitch given

by equation (1), such that P2 may be set based on regrranging equation (1) to give:

and the pitch of the pattern 102 of grating 100 is preferably set in accordance with P = Pn,

{0043 It 1s appreciated that multiple ones of the gratings of the present mvention,

such as grating 100, may be layered with respect to each other or with respect to other

misregistration between various layers of semiconductor devices in the manufacture

thereof

.....

302 and a second target layer 312, also of a type generally resembling the design of
grating 100 but with different design parameters than those of first target layer 310, 1s

preferably formed on second layer 304,

PCT/US2020/023741
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{0045] It 1s appreciated that the formation of layered target 300 by {irst and second

layers of gratings each comprising a grating design resembling that of grating 100 1s

exemplary only and that target 300 may alternatively comprise one target layer

{0046 First target layer 310 preferably comprises a pertodic patterned stracture

example, a portion of target 300 is shown including one complete wnit 324. It 1s
appreciated, however, that first target layer 310 may include a greater number of units,

such as five or six units.

sub-structure 330 and at least a second periodic sub-structure 332 ghigned therewith. Here,

by way of example, unit 324 is shown to comprise therewithin first periodic sub-structure

330 and second periodic sub-siructure 332. First and second periodic sub-structures 330

and 332 are preferably arranged in a side-by-side configuration along a cornmon axis so

324. First and second periodic sub-structures 330 and 332 are preferably arranged side-

by-side m a mutually separated, non-mterlaced or overlapping conliguration.

[004R] First periodic sub-structure 330 preferably has a first sub-pitch P1 and

second periodic sub-structure 332 preferably has a second sub-pitch P2, different from

P1. Sub-pitches P1 and P2 are preferably mmuch smaller than pitch Py and particularly

preferably are device-like pitches of the same order of magnitude as the device design

rule pitch of the semiconductor device with which target 300 is used in conjunction. As

explained hereinabove, due to their similarity in size to device design rule pitches, first

and sub-second piiches P1 and P2 are in themselves directly unresolvable by optical tools.

However, pitch Pr; and first and second pitches P1 and P2 are preferably selected so as

to vield at least one first Moiré pitch P of pattern 322 in accordance with:

10
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that the pitch Py of p

of the order of 500 — 600 nm. Alternatively, first Moiré pitch Py may be of an order of

magnifude as to give rise 1o a measurable Moire pattern. In accordance with a particularly

preterred embodiment of the present mvention Py, P1 and P2 are preferably selected such

10049] Second target layer 312 preferably comprises a periodic patterned structure

342 formed by a plurality of repeating units 344 having pitch Prz which is preferably

different than pitch Pr;. Here, by way of example, a portion of target 300 is shown

including one complete unit 344 and an incomplete portion of part of an adjacent unit
344. 1t is appreciated, however, that paitern 342 may include a greater number of units,

suich as five or six units.

{0050 At least one unit of units 344 preferably comprises at least a first periodic

sub-structure 350 and at least a second periodic sub-structure 352 aligned therewith. Here,

344, First and second periodic sub-structures 350 and 352 are preferably arranged side-

by-side tn a mutually separated, non-interlaced or overlapping configuration.

{D051] First periodic sub-structure 350 preferably has a third sub-pitch P3 and

second periodic sub-structure 352 preferably has a fourth sub-pitch P4, different from P3.

Pitches P3 and P4 are preferably much smaller than pitch Pr and particularly preferably

the semiconductor device with which target 300 is used in conjunction. By way of

example, P1, P2, P3 and P4 may be in the range of about 30 nm. As explained

.............

11
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P> and third and fourth pitches P3 and P4 are preferably selected so as to vield at least

one second Moire pitch Poo of pattern 342 m accordance with:
Pz = P3-P4/(P4 — P3) (5)

In this case, second Moiré pitch Pupo is different than first Moiré pitch Pmy and may or

may not be resolved by optical tools. In accordance with a particularly preferred

embodiment of the present invention Pr2, P3 and P4 are preferably selected such that the
pitch P12 of pattern 342 is an integer multiple of P3, of P4 and of the second Moiré pitch
Pz yielded by a combination of the pitches P3 and P4 of substructures 350 and 352

respectively within pattern 342, as deflined by equation (5).

given by:
Pt = Pri-Pro/(Pri — Pra) (6)

which overall Moiré pitch Pt is preferably measurable and resolvable by optical tools.

optical tools, these pitches combinedly yield a Moiré pitch which 1s measurable and based

on signals from which information may be obtained relating to device misregistration.

[0053] The provision, in accordance with preferred embodiments of the present

mvention, of a layered target comprising at least one layer comprising unresolved periodic

structures having device-ltke pitches of the order of magnitude of the device design rule

pitch, but which device-like pitches give rise to a resolved and measurable overall Moiré

pitch generated by the various target layers 1s highly advantageous. The device-like piich
misregistration i manufacture of the device and provides misregistration values more
relevant to real devices than those values obtained based on targets having pitches of

orders of magnitude that are considerably -g_:_mate-rwfljan those of the device desion rule.

10054 It is a particular advantage of a preferred embodiment of the present

invention that each of substructures 330 and 332 as well as 350 and 352 may be arranged

12



10

15

20

25

WO 2020/197950

in a simple side-by-side configuration and preferably a co-linear conliguration, in which

the sub-structures within each unit are mutually separated and non-nterlaced or

include large inter-feature gaps, leading to better process compatibility and accuracy.

Furthermore, efficient re-scattering occurs between first and second target layers 310 and

312, thus giving rise 1o a measurable Moiré mode measurable by conventional optical

tools known 1 the art.

{0055} It is appreciated that pitches Pry, Pra. P1, P2, P3 and P4 are not shown 1o

scale in Fig. 3 and rather are illustrated in a highly schematic, representative manner in

order to clearly differentiate between the scales of the various different pitches.

10056] Furthermore, it is appreciaied that the present invention is not limited to

the inclusion of only two layers, such as first and second lavers 310 and 312, and may

{00571 Additionally, 1t 1s appreciated that since there is neghgible mteraction

between the sub-substructures v [irst layver 310 and the sub-structures 1 second laver

312, these sub-structures may be arranged in any suitable spatial arrangement with respect

to each other and need not be aligned as itlustrated 1n Fig. 3.

{0058} It is understood that lavered target 300 need not necessarily comprise

layers with mutually differing Moiré pitches. In certain scatterometry-based metrology
systems, it may be advantageous to implement a layered target generally resembling
target 300 in certain aspects thereof, but wherein the Moiré pitches of the two or more
lavers are substantiallv equal. Additionallv or alternatively, one of the layers may

comprise a conventional periodic target having a pitch substantially equal to the Moiré

pitch of another layer within the target.

[0059] An example of SHCh a [arge{ 18 ShOW'H 1 Fig 4. Tuming noOwW o Fig 4 an

additional target 400, constructed and operative m accordance with a preferred

metrology systems, is illustrated. As seen in Fig. 4, layered target 400 may be formed on

13
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a first layer 402 and a second laver 404 of a semiconductor device. First laver 402 may

comprise a plurality of repeating units have a pitch Pri and second laver 404 may

...... f;l"

first laver 402 and second layer 404 may comprise a first sub-structure 410 having a first
sub-pitch Pl and a second sub-structure 412 having a second sub-pitch P2. Here, by way

of example, first and second sub-structures 410 and 412 are reversed with respect to each

other 1 first laver 402 in _c:ompari?sgn to second layer 404. However, 1115 app}?e{:ia;te;d that

{0060} Due to first and second layers 402 and 404 comprising the same sub-

structures, albeit reversedly arranged with respect to each other, the Moiré piiches of the
two layers are the same, rendering target 400 particularly useful in scatterometry-based

metrology systems.

{00611 Reference is now made to Fig. 5, which is a simplified flowchart

illustrating a method for measuring misregistration in the manufacture of semiconductor

devices using a target comprising at least one of the gratings of any of Figs. 1 —4.

10062 As seen in Fig. 5, a method 500 for measuring misregistration m the

manufacture of semiconductor devices may begin at a first step 502, whereat a
semiconductor device is provided having a target including at least one layer comprising
a grating having sub-features with a device-like unresolved pitch. Particularly preferably,
the grating layer comprises a repeating pattern having piich P, each unit of the repeating
pattern comprising at least two sub-structures having nwtually different device-like
pitches and being arranged in a side-by-side mutually separated configuration so as to
define each unit. Preferably, the mutoally different device-like pitches of the at least two

sub-structures yield a Moiré pitch that is resolved by optical tools,

10063] As seen at a second step 504, the target may then be illuminated, thereby

the target.

14
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{00641 As seen at a third step 506, the obtained Moiré pattern may subsequently
be analyzed in order to derive information relating to misregistration in the semiconductor

device within which the target is incorporated.
{00657 It will be appreciated by persons skilled in the art that the present invention

of the preseni mvention includes both combinations and subcombinations of varipus
features described hereinabove as well as modifications thereof, all of which are not in

the prior art.

13



CLAIMS

1. A grating for use in metrology comprising a periodic structure, the periodic structure
comprising a plurality of units having a pitch P, each unit comprising:
at least a first periodic sub-structure having a first plurality of first parallel
rectangular segments, each first parallel rectangular segment having a first width of a first
sub-pitch P1 and a first length longer than said first sub-pitch P1, wherein said first sub-pitch
P1 is smaller than said pitch P, and
at least a second periodic sub-structure having a second plurality of second parallel
rectangular segments, each second parallel rectangular segment having a second width of a
second sub-pitch P2 and a second length longer than said second sub-pitch P2, wherein said
second sub-pitch P2 is smaller than said pitch P and different from said first sub-pitch P1, P1
and P2 being selected to yield at least one Moiré pitch Py = P1-P2/(P2 — P1), said pitch P
being an integer multiple of said first sub-pitch P1 and of said second sub-pitch P2,
wherein said first periodic sub-structure and said second periodic sub-structure of
the unit are arranged:
separately;
sequentially, in a side-by-side configuration along a common central axis of
the unit to combinedly extend along the unit, the common central axis of the unit
being perpendicular to said first length and said second length; and

in a mutually separated, non-interlaced, and non-overlapping configuration.

2. The grating according to claim 1, wherein P/ P is substantially equal to 1.
3. The grating according to claim 1, wherein P/ Pr, is substantially equal to 2.
4, The grating according to claim 1, wherein P > 200 nm.

5. The grating according to claim 4, wherein P1 and P2 < 200 nm.

6. A metrology target for measurement of misregistration between layers of a

semiconductor device, said target comprising at least two gratings, at least one of said at least
two gratings comprising the grating of claim 1, said at least two gratings being arranged in a

mutually layered configuration.

16



7. The metrology target according to claim 6, wherein said at least two gratings have

the same Moiré pitch.

8. The metrology target according to claim 6, wherein said at least two gratings have

mutually different Moiré pitches.

0. A method for forming a grating for use in metrology, the method comprising
providing a periodic structure comprising a plurality of units having a pitch P, each unit
comprising:
at least a first periodic sub-structure having a first plurality of first parallel
rectangular segments, each first parallel rectangular segment having a first width of a first
sub-pitch P1 and a first length longer than said first sub-pitch P1, wherein said first sub-pitch
P1 is smaller than said pitch P, and
at least a second periodic sub-structure having a second plurality of second parallel
rectangular segments, each second parallel rectangular segment having a second width of a
second sub-pitch P2 and a second length longer than said second sub-pitch P2, wherein said
second sub-pitch P2 is smaller than said pitch P and different from said first sub-pitch P1, P1
and P2 being selected to yield at least one Moiré pitch Py = P1-P2/(P2 — P1), said pitch P
being an integer multiple of said first sub-pitch P1 and of said second sub-pitch P2,
wherein said first periodic sub-structure and said second periodic sub-structure of
the unit are arranged:
separately;
sequentially, in a side-by-side configuration along a common central axis of
the unit to combinedly extend along the unit, the common central axis of the unit
being perpendicular to said first length and said second length; and

in a mutually separated, non-interlaced, and non-overlapping configuration.

10. The method according to claim 9, wherein P/ Pr, is substantially equal to 1.
11. The method according to claim 9, wherein P/ Pr, is substantially equal to 2.
12. The method according to claim 9, wherein P > 200 nm.
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13. The method according to claim 12, wherein P1 and P2 < 200 nm.
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