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IMPROVED SELF-MOIRE GRATING DESIGN FOR USE IN METROLOGY 

REFERENCE TO RELATED APPLICATIONS 

[0001] 	Reference is hereby made to U.S. Provisional Patent Application Serial 

5 No. 62/823_342, filed March 25, 2019 and entitled NEW APPROACH FOR SELF- 

MOIRE TARGET DESIGN FOR OVL MEASUREMENT, the disclosure of which is 

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

[0002] 	Reference is also made to the following patents related to the subject 

matter of the present invention, the disclosures of which are hereby incorporated by 

10 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. 

15 	 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 

20 	[0004] 	Various types of gratings for use in metrology are known in the art. 
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SUMMARY OF THE INVENTION 

[0005] 	The present invention seeks to provide novel. readily printable gratings for 

use in metrology targets for providing highly accurate measurements. 

[0006] 	There is thus provided in accordance with a preferred embodiment of the 

	

5 	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-structure having a first sub-pitch P1 smaller than the pitch P, and 

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

periodic sub-structure within the at least one unit and having a second sub-pitch P2 

	

10 	smaller than the pitch P and different from the first sub-pitch P1, PI and P2 being selected 

to yield at least one Moire pitch Pm = PI -P2/(P2 — P1), the pitch P being an integer 

multiple of, the first sub-pitch P I and of the second sub-pitch P2. 

[0007] 	Preferably, P1 and P2 are semiconductor device-like pitches. 

[0008] 	In accordance with a preferred embodiment of the present invention, Pi Pm  

	

15 	is substantially equal to 1. 

[0009] 	Alternatively, PI Pm is substantially equal to 2. 

[0010] 	Preferably, P > 200 tim. Additionally preferably, PI and P2 < 200 nm, 

[0011] 	Preferably, the first and second periodic sub-structures lie along a common 

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

	

20 	[0012] 	Preferably, there is also provided a metrology target for measurement of 

misregistration between layers of a semiconductor device, the target including at least 

two gratings, at least one of the at least two gratings including the grating of a preferred 

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

mutually layered configuration. 

	

25 	[0013] 	Preferably, the at least two gratings have the same Moire pitch. 

[0014] 	Alternatively, the at least two gratings have mutually different Moire 

pitches. 
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[0015] 	There is additionally provided in accordance with another preferred 

embodiment of the present invention a method for forming a grating for use in metrology 

including providing 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-structure 

	

5 	having a first sub-pitch PI smaller than the pitch P, and at least a second periodic sub- 

structure arranged along-side and  separated from the first periodic sub-structure within 

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

different from the first sub-pitch PI, PI and P2 being selected to yield at least one Moire 

pitch Pm  = PI -P2/(P2 — P1), the pitch P being an integer multiple of the first sub-pitch PI 

	

10 	and of the second sub-pitch P2. 

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

invention, PI and P2 are semiconductor device-like pitches. 

[0017] 	Preferably, P/ Pm is substantially equal to I. Alternatively, P/ Pm is 

substantially equal to 2. 

	

15 	[00181 	Preferably, P 200 nm. Additionally preferably, P1 and P2 < 200 nm. 

[0019] 	Preferably, the method also includes arranging the first and second 

periodic sub-structures to he along a common axis,'P;1   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 

nusregistration between layers of a semiconductor device, at least one of the at least two 

gratings including the grating provided by the method of the present invention. 

[002 I ] 	Preferably, the at least two gratings have the same Moire pitch. 

[0022] 	Alternatively, the at least two gratings have mutually different Moire 

	

25 	pitches. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 	The present invention will be understood and appreciated more 	fully frona 

the following detailed description, taken in conjunction with the drawings in which: 

[0024] 	Fig. I is a simplified schematic top view illustration of a grating useful in 

5 metrology measurements. constructed and operative in accordance with a preferred 

embodiment of the present invention; 

[00251 	Fig. 2 is a simplified schematic top view illustration of a unit forming part 

of a grating of the type shown in Fig. I 

[0026] 	Fig. 3 is a simplified schematic side view illustration of a metrology target 

including mutually layered gratings constructed and operative in accordance with another 

preferred embodiment of the present invention; 

10027] 	Fig. 4 is a simplified schematic side view illustration of a metrology target 

including mutually layered gratings, constructed and operative in accordance with yet 

another preferred embodiment of the present invention: and 

15 	[0028] 	Fig. 5 is a simplified flowchart illustrating a metrology method using a 

orating of the type shown in anv  of Figs. I — 4. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

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

illustration of a grating useful in metrology measurements and to Fig. 2, which is a 

simplified schematic top view,' illustration of a unit aiming part of a gating of the type 

	

5 	shown in Fig. 1, constructed and operative in accordance with a preferred embodiment of 

the present invention. 

[0030] 	As seen in Figs. 1 and 2, there is provided a gratina 100 comprising a 

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

way of example, a portion of grating 100 is shown including two complete units 104 

shown to be mutually identical. Grating 100 is preferably adapted for formation on a 

semiconductor device, in order to facilitate metrology measurements relating to the 

device based on measurements obtained from, the grating formed thereon. Such metrology 

measurements may include imaging, measurements, Moire interference based 

measurements, scatterometry based measurements or other types of measurements. It is 

	

15 	appreciated that such measurements are performed on structures such as grating 100, 

rather than directly with respect to the device itself, since the design rule pitch of the 

device is typically of a scale that is unresolved by optical measurement tools. Particularly 

preferably, grating 100 may  be incorporated in a target comprising multiple layers of 

gratings and used for the measurement of misregistration between layers in the 

	

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

to Figs. 3 and 4. 

[00311 	Units 104 preferably form periodic structure 102 having a pitch P. Pitch P 

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 

	

25 	Corporation of California, USA, for example A700 and ATL100. By way of example, 

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

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 

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

semiconductor device upon which grating 100 is formed. 
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[0032] 	As seen most clearly in Fig. 2, at least one unit of units 104 comprises at 

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

aligned therewith. Here, by way of example, each of units 104 of grating 100 is shown to 

comprise therewithin first periodic sub-structure 110 and second periodic sub-structure 

	

5 	112. First and second periodic sub-structures 110 and 112 are preferably arranged in a 

side-by-side  configuration along a common axis 114 so as to combinedly extend along 

substantially an entirety of unit 104, thus defining unit 104. First and second periodic sub- 

structures 110 and 112 are preferably arranged side-by-side in a mutually separated, non- 

interlaced or overlapping configuration. 

	

10 	[0033] 	First periodic sub-structure 110 preferably has a first sub-pitch P1 and 

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

Pl. 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 

	

15 	which grating 100 is used in conjunction. By way of example, P"1 and P2 may be between 

10 run to less than 200 nm. As explained hereinabove, due to their similarity in size to 

device design rule pitches, first and second sub-pitches P1 and P2 are in themselves 

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

preferably selected so as to yield at least one Moire pitch PiT, in accordance with: 

	

20 	 Pffi  = P -P2/(P2 — PI) 
	

(1) 

which Moire pitch Pm is preferably measurable and resolvable by optical tools. Thus, 

notwithstanding sub-pitches PI and P2 being so small as to be unmeasurable by optical 

tools, these pitches combinedly yield a Moire pitch which is measurable and based on 

signals from which information may be obtained. 

	

25 	[0034] 	In accordance with a particularly preferred embodiment of the present 

invention P, PI and P2 are selected such that the pitch P of pattern 102 is an integer 

multiple of Pl, of P2 and of the Moire pitch Pm yielded by a combination of the sub- 

pitches P1 and P2 of substructures 110 and 112 respectively within pattern 102, as defined 

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

	

30 	and P/PHI being equal to an integer is satisfied, the condition PIP2 being equal to an integer 
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is satisfied within the layer defined by pattern 102 when two evanescent modes with 

pitches PI and P2 are generated by scattering on first and second sub-structures 110 and 

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

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

5 	the zero order propagated electrical field, such that the electrical field F within the layer 

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

in accordance with 

ilirx 	
LE E 	
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where a and b1 are amplitude coefficients respectively associated with PI 

10 	and P2. 

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

110 having first sub-pitch PI with respect to second substructure 112 having second sub- 

pitch P2 and vice-versa provides a 'self-Moire' mode with  diffraction orders propagating 

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

15 	amplitude proportional to a1 •13_, and d•b . This amplitude may be of an order of 

magnitude comparable to the amplitude of the zeroth order electric field. The Moire 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 

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

20 	grating 100 being unresolved. 

[00361 	The provision, in accordance with preferred embodiments of the 

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

like pitches of the order of magnitude of the device design rule pitch, but which device- 

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

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

of metrology measurements and provides metrology measurement values more relevant 

to real devices than those values obtained based on targets having pitches of orders of 

magnitude that are considerably greater than those of the device design rule. 
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[0037] 	It is 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 in a 

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

and second sub-structures 110 and 112 are mutually separated and non-interlaced or 

	

5 	overlapping, so as to define the longitudinal extent of unit 104 of pattern 102. This 

arrangement is based on the finding by the present inventors, as detailed hereinabove, that 

evanescent modes undergoing double scattering to yield a Moire mode are generated in 

the case that the pitch P of pattern 102 is an integer multiple of both first and second sub- 

pitches of sub-structures 110 and 112 therewithin. The linear arrangement of first and 

	

10 	second sub-structures 110 and 112 to form unit 104 is readily printable and does not 

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

Furthermore, efficient re-scattering occurs between first and second sub-structures 110 

and 112, thus giving rise to a Moire mode measurable by conventional optical tools 

known in the art. 

	

15 	[0038] 	It is appreciated that pitches P. PI and P2 are not shown to scale in Figs. 1 

and 2 and are illustrated in a highly schematic. representative manner in order to clearly 

differentiate between the scales of the  various different pitches. 

10039] 	Furtheimore, it is appreciated that the present invention is not limited to 

the inclusion of only two sub-structures within each unit, such as sub-structures 110 and 

	

20 	112 shown herein. Rather, a greater number of sub-structures may be included within 

each unit of the overall pattern 102, provided that the pitches of the each of the 

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 

	

25 	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 unit 104 

is divided into two equal parts. However, pitch P maybe divided into more than two parts, 

which two or more parts may be non-equal, depending on the nature of the particular 

measurements to be performed on grating 100. 
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[0041] 	First and second sub-structures 110 and 112 are preferably respectively 

located symmetrically 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 foul' first and 

second centers of symmetry in unit 104. In order that the center of symmetry of the signal 

	

5 	arising from grating 100 when optical measurements are performed thereon corresponds 

to one of the  centers of symmetry of first and second sub-structures 110 and 112, it is 

preferable that P/ Pm is set to equal to 1 or 2. This simplifies analysis of the signal and 

reduces ambiguity therein. However, it is appreciated that in certain embodiments of the 

present invention. P/ Pm may be equal to integers greater than 2. 

	

10 	[00421 	By way of example, PI may be set to be 90 nm, equal to a lithography 

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

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

P2=Pm•Pil(Pm-Pi) 	 (3) 

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

	

15 	or P = 2Pm. 

[0043] 	It is appreciated that multiple ones of the gratings of the present invention, 

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

grating designs, in order to form targets useful for facilitating measurement of 

misregistration between various layers of semiconductor devices in the manufacture 

	

20 	thereof. 

[0044] 	Turning now to Fig. 3, an exemplary layered embodiment of a metrology 

target 300, constructed and operative in accordance with a preferred embodiment of the 

present invention, is shown. As seen in Fig. 3 layered target 300 may be formed on a first 

layer 302 and a second layer 304 of a semiconductor device. A first target layer 310, of a 

	

25 	type generally resembling the design of grating 100, is preferably formed on first layer 

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, is 

preferably formed on second layer 304. 
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[0045] 	It is appreciated that the formation of layered target 300 by first and second 

layers of gratings each comprising a grating design resembling that of grating 100 is 

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

comprising a grating design resembling that of grating 100 and another target layer 

comprising a grating design not resembling that of target 100, but rather a conventional 

periodic grating design, Various types of which are well known to those skilled in the art. 

[0046] 	First target layer 310 preferably comprises a periodic patterned structure 

322 formed by a plurality of repeating units 324 having pitch PIA . Here, by way of 

example, a portion of target 300 is shown including one complete unit 324. It is 

10 	appreciated, however, that first target layer 310 may include a greater number of units, 

such as five or six units. 

[0047] 	At least one unit of units 324 preferably comprises at least a first periodic 

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

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

15 	330 and second periodic sub-structure 332. First and second periodic sub-structures 330 

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

as to combinedly extend along substantially an entirety of unit 324, thus defining unit 

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

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

20 	[0048] 	First periodic sub-structure 330 preferably has a first sub-pitch PI and 

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

PI. Sub-pitches P1 and P2 are preferably much smaller than pitch Pm 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 

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

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

However, pitch PIA and first and second pitches PI and P2 are preferably selected so as 

to yield at least one first Moire pitch Pm; of pattern 322 in accordance with: 

Prni  = P l • P2/ (P2 — P I) 	 (4) 
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In this case, first Moire pitch Pnil may be of an order of magnitude so as not to be resolved 

by an optical system, such as, for example, under conditions of quasi-normal illumination 

and a numerical aperture of about 0.7. By way of example, first Moire pitch P,111 may be 

of the order of 500 — 600 nin. Alternatively, first Moire pitch Pmi  may be of an order of 

	

5 	magnitude as to give rise to a measurable Moire pattern. In accordance with a particularly 

preferred embodiment of the present invention PIA, P1 and P2 are preferably selected such 

that the pitch Pt,; of pattern 322 is an integer multiple of PI, of P2 and of the Moire pitch 

Priii yielded by a combination of the pitches PI and P2 of substructures 330 and 332 

respectively within pattern 322, as defined by equation (4). 

	

10 	[00491 	Second target layer 312 preferably comprises a periodic patterned structure 

342 formed by a plurality of repeating units 344 having pitch PL2 which is preferably 

different than pitch PT I. 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. It is appreciated, however, that pattern 342 may include a greater number of units, 

	

15 	such 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, 

by way of example, unit  344 is shown to comprise therewithin 	first 	periodic sub-structure 

350 and second periodic sub-structure 352. First and second periodic sub-structures 350 

	

20 	and 352 are preferably arranged in a side-by-side configuration along a common axis so 

as to combinedly extend along substantially an entirety of unit 344, thus defining unit 

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

by-side in a mutually separate& non-interlaced or overlapping configuration. 

[0051] 	First periodic sub-structure 350 preferably has a third sub-pitch P3 and 

	

25 	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 PL2 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. By way of 

example, P 1, P2, P3 and P4 may be in the range of about 30 nm. As explained 

	

30 	hereinabove, due to their similarity in size to device design  rule pitches, third and fourth 

pitches P3 and P4 are in themselves directly unresolved by optical tools. However, pitch 

11 
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P1  and third and fourth pitches P3 and P4 are preferably selected so as to yield at least 

one second Moire pitch P1 2 of pattern 342 in accordance with: 

Pm2 = P3-134/(P4 — P3) 	 (5) 

In this case, second Moire pitch Pm2 is different than first Moire pitch P.,' and may or 

	

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

embodiment of the present invention P1_2, P3 and P4 are preferably selected such that the 

pitch PL2 of pattern 342 is an integer multiple of P3, of P4 and of the second Moire pitch 

Pnc yielded by a combination of the pitches P3 and P4 of substructures 350 and 352 

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

	

10 	[0052] 	Due to interaction between diffraction orders generated by the first and 

second target layers 310 and 312, the overall Moire pitch PmT of layered taraet 300 is 

given by: 

PmT 'PL2/(PL PL2) 
	

(6) 

which overall Moire pitch Pm-r is preferably measurable and resolvable by optical tools. 

	

15 	Thus, notwithstanding pitches P1, P2, P3 and  P4  being so small as to be unmeasurable by 

optical tools, these pitches combinedly yield a Moire pitch which is 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 

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

	

20 	structures having device-like 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 Moire 

pitch generated by the various target layers is highly advantageous. The device-like pitch 

of the target sub-structures leads to an improvement in accuracy of measurement of 

misregistration in manufacture of the device and provides misregistration values more 

	

25 	relevant to real devices than those values obtained based on targets having pitches of 

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

[0054] 	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 
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in a simple side-by-side configuration and preferably a co-linear configuration, in which 

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

overlapping, so as to respectively define the longitudinal extent of the units of the patterns 

of each target layer of target 300. This arrangement is readily printable and does not 

	

5 	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 to a measurable Moire mode measurable by conventional optical 

tools known in the art. 

[0055] 	It is appreciated that pitches PT 1, PL2, PI, P2, P3 and P4 are not shown to 

	

10 	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. 

[0056] 	Furthermore, it is appreciated that the present invention is not limited to 

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

include additional layers depending on the design requirements of target 300. 

	

15 	[0057] 	Additionally, it is appreciated that since there is negligible interaction 

between the sub-substructures in first layer 310 and the sub-structures in second layer 

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

to each other and need not be aligned as illustrated in Fia. 3. 

[0058] 	It is understood that layered target 300 need not necessarily comprise 

	

20 	layers with mutually differing Moire 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 Moire pitches of the two or more 

layers are substantially equal. Additionally or alternatively, one of the layers may 

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

	

25 	pitch of another layer within the target. 

[0059] 	An example of such a target is shown in Fig. 4. Turning now to Fig. 4, an 

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

embodiment of the present invention and particularly useful in scatterometry-based 

metrology systems, is illustrated. As seen in Fig, 4, layered target 400 may be formed on 
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a first layer 402 and a second layer 404 of a semiconductor device. First layer 402 may 

comprise a plurality of repeating units have a pitch PIA and second layer 404 may  

comprise a plurality of repeating units have a pitch 1312. Each of the repeating units within 

first layer 402 and second layer 404 may comprise a first sub structure 410 having a first 

	

5 	sub-pitch PI 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 in first layer 402 in comparison to second layer 404. However, it is appreciated that 

this is not necessarily the case.  

[0060] 	Due to first and second layers 402 and 404 comprising the same sub- 

	

to 	structures, albeit reversedly arranged with respect to each other, the Moire pitches of the 

two layers are the same, rendering target 400 particularly useful in scatterometty-based 

metrology systems. 

[0061] 	Reference is now made to Fig. 5. which is a simplified flowchart 

illustrating a method for measuring misregistration in the manufacture of semiconductor 

	

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

[0062] 	As seen in Fig. 5, a method 500 for measuring misregistration in the 

manufacture of semiconductor devices may begin at a first, step 502, whereat a 

semiconductor device is provided having a taraet including at least one layer comprising 

a grating having sub-features with a device-like unresolved pitch. Particularly preferably, 

	

20 	the grating layer comprises a repeating pattern having pitch P, each unit of the repeating 

pattern comprising at least two sub-structures having mutually different device-like 

pitches and being arranged in a side-by-side mutually separated configuration so as to 

define each unit. Preferably, the mutually different device-like pitches of the at least two 

sub-structures yield a Moire pitch that is resolved by optical tools. 

	

25 	[0063] 	As seen at a second step 504, the target may then be illuminated, thereby 

revealing a Moire pattern arising from a resolved Moire pitch yielded lay sub-features of 

the target. 
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[0064] 	As seen at a third step 506, the obtained Moire pattern may subsequently 

be analyzed in order to derive infoimation relating to misreistration in the semiconductor 

device within which the target is incorporated. 

[0065] 	It will be appreciated by persons skilled in the art that the present invention 

5 	is not limited to what has been particularly shown and described hereinabove. The scope 

of the present invention includes both combinations and subcombinations of various 

features described hereinabove as well as modifications thereof, all of which are not in 

the prior art. 

15 
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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 Pm = 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/ Pm is substantially equal to 1. 

3. The grating according to claim 1, wherein P/ Pm 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. 
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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. 

9. 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 Pm = 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/ Pm is substantially equal to 1. 

11. The method according to claim 9, wherein P/ Pm 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. 


