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IMAGE DISPLACEMENT TEST RETICLE FOR 
MEASURING ABERRATION CHARACTERISTICS 

OF PROJECTION OPTICS 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates in general to the ?eld 
of semiconductor silicon Wafer image displacement, and 
more particularly, to a photolithography reticle pattern for 
use in measuring image displacement and coma aberration 
of projection optics. 

BACKGROUND OF THE INVENTION 

[0002] Without limiting the scope of the invention, its 
background is described in connection With image displace 
ment in semiconductor silicon Wafer reticle alignment, as an 
eXample. 

[0003] Heretofore, in this ?eld, alignment marks have 
been used to position masks for subsequent steps in the 
processing of semiconductor devices. During the perfor 
mance of failure analysis, reticle levels and their revisions 
are generally checked on the semiconductor material. Pres 
ently, techniques such as staining in conjunction With scan 
ning electron microscopy and transmission electron micros 
copy have been used to check the alignment of 
photolithographic masks after a step that patterns a photo 
resist. Elemental techniques, such as Auger and secondary 
ion mass spectroscopy have likeWise been used for analyZ 
ing semiconductor devices. 

[0004] Although these techniques are all useful for device 
failure analysis, it has been found that they provide incon 
clusive data When used to test for the alignment character 
istics of photolithography lenses, such as image displace 
ment and coma aberration and the like. Coma aberration of 
projection optics in photolithographic patterning systems 
degrades a resist pro?le symmetricity and enhance place 
ment error Which depends upon pattern siZe, density and 
feature. 

[0005] Several approaches eXist Which estimate coma 
aberration of projection optics. Since coma aberration 
appears in the line-Width asymmetry at both ends of several 
periodic lines, the differences in line-Width betWeen both 
ends are usually measured to characteriZe the coma aberra 
tion. It is, hoWever, dif?cult to make the mask for this 
method because both ends of the periodic lines must be the 
same Width as the other. Coma aberration also appears in 
asymmetric secondary peaks around a contact hole exposed 
With an attenuated mask. Therefore, the direction of comma 
aberration is found from the ghost pattern around the contact 
hole. Furthermore, coma aberration makes relative pattern 
shifts depending on pattern siZe and density. This method of 
measuring the differences in line Width betWeen both ends, 
hoWever, takes a long time for measurement because of the 
time consuming procedure of using, for eXample, exposure, 
Si-etching, eXposure With alignment, and measurement 
using CD-SEM. 

[0006] Thus, these techniques are time consuming and are 
ill-suited for use in identifying and characteriZing lens and 
photolithographic misalignment and failure. 

[0007] In particular, it has been found that present overlay 
methods Will fail to provide accurate information for the 
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critical dimensions used, especially for the future genera 
tions of semiconductor devices. 

[0008] Present image displacement marks are unable to 
detect image displacement of the projection lense system 
Within the range of present semiconductor device lineWidths 
and pitch siZes, causing large yield drops during semicon 
ductor fabrication. 

SUMMARY OF THE INVENTION 

[0009] What is needed, therefore, is a apparatus and 
method for determining image displacement accuracy fol 
loWing a change in reticle and illumination that is capable of 
being used With eXisting stepper optical systems. Also 
needed is an apparatus and method of rapidly testing optical 
equipment for proper image displacement performance 
impacted by image displacement caused by coma aberration 
at the level of resolution necessary to provide accurate 
critical dimension readings for very large scale integration 
(VLSI) and ultra large scale integration (ULSI) devices. 

[0010] The image displacement test reticle of the present 
invention may be used to fully characteriZe the performance 
of the stepper optical image as Well as projection system. 
More speci?cally, the image displacement test reticle may be 
used to solve the displacement discrepancy problems 
betWeen the current standard image displacement mark and 
array cells inside the chip, thereby increasing device yield 
during production. 

[0011] A reticle, as used herein, is used to describe a 
photolithographic mask having a test pattern for photolitho 
graphic machine evaluation, speci?cally, coma aberration of 
projection optics. The test reticle is used for making a mask 
or reticle alignment and making adjustments to production 
masks. Mask, on the other hand, is used herein to delineate 
a production mask used during patterning steps for produc 
ing microcircuits. 

[0012] More particularly, one embodiment of the present 
invention is directed to a method of measuring coma aber 
ration of the projection optics folloWing a change in illumi 
nation including the steps of, taking a ?rst image displace 
ment measurement With a test reticle having a variable 
lineWidth and a variable pitch siZe on an outer image 
displacement mark, changing the illumination conditions of 
photolithographic equipment, such that a variable beam of 
illumination is projected upon the test reticle and taking a 
second image displacement measurement With the test 
reticle to determine an image displacement offset due to 
changes in illumination. 

[0013] The present invention may further include chang 
ing the illumination conditions of photolithographic equip 
ment projected upon the test reticle and taking a third image 
displacement measurement. The third measurement may be 
compared to the ?rst or second image displacement mea 
surement to determine an image displacement offset due to 
a further change in illumination, such as a different type of 
illumination than in the ?rst change in illumination. Also, 
the invention may use a test reticle that further includes an 
inner boX located Within the outer image displacement mark. 
Based on the image displacement offset measured With the 
test reticle, the image displacement of a reticle, e.g., a 
production reticle, may be changed during subsequent steps, 
e.g., printing steps, that involve a change in type of illumi 
nation. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] For a more complete understanding of the features 
and advantages of the present invention, reference is noW 
made to the detailed description of the invention along With 
the accompanying ?gures in Which corresponding numerals 
in the different ?gures refer to corresponding parts and in 
Which: 

[0015] FIG. 1 is an image displacement pattern array of an 
image displacement test reticle; 

[0016] 
prior art; 

FIG. 2 is an image displacement test pattern of the 

[0017] FIGS. 3-10 are image displacement marks for use 
With an image displacement test reticle as disclosed herein; 

[0018] FIG. 11 is a composite image displacement mark 
of positive and negative forms of the image displacement 
mark disclosed herein; 

[0019] FIGS. 12 through 15 shoW graphs demonstrating 
the image displacement obtained using image displacement 
marks disclosed herein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] While the making and using of various embodi 
ments of the present invention are discussed in detail beloW, 
it should be appreciated that the present invention provides 
many applicable inventive concepts Which may be embodied 
in a Wide variety of speci?c contexts. The speci?c embodi 
ments discussed herein are merely illustrative of speci?c 
Ways to make and use the invention and do not delimit the 
scope of the invention. 

[0021] As the critical dimension (CD) of very large scale 
integration (VLSI) circuits is pushed to the stepper resolu 
tion limit, phase shift masks (PSM), optical proximity 
correction (OPC), modi?ed illumination and pupil ?ltering 
technologies have been introduced to enhance the perfor 
mance of photolithography systems for printing ?ner pat 
terns. In practical use, modi?ed illumination, in conjunction 
With various illumination apertures, such as quadrupole, 
annular and small sigma, may improve the resolution limits 
and depth of focus (DOF) for speci?ed device levels. The 
degradation of image displacement accuracy With the 
change of illumination aperture, hoWever, remains a critical 
issue When applying modi?ed illumination method to 
smaller lineWidth and pitch siZe patterns of higher integra 
tion semiconductor devices. The difficulties of controlling 
overlay accuracy, especially on a 64-megabyte device, 
remains a problem. 

[0022] TWo issues must be addressed in order to improve 
photolithographic printing of VLSI circuits: (1) illumination 
mismatching betWeen tWo layers, such as using conven 
tional illumination With small sigma for ?rst critical level 
prints and quadrupole illumination for second critical level 
prints; and (2) the standard 10-20 m box-in box image 
displacement mark has different misalignment results as 
compared With the misalignment results of the smaller 
feature siZe inside the chip of an actual device. 

[0023] It has noW been recogniZed that the displacement 
of the standard box-in-box overlay pattern is not sensitive 
enough to identify the displacement caused When sWitching 
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illumination conditions, in particular, as smaller feature 
patterns inside the chip are required. For example, While the 
measurement from a standard overlay mark achieves a good 
initial image displacement result, it does not ensure that 
printing a pattern on the actual chip achieves the same result. 
The problem With current box-in-box patterns for line/space 
patterns is further increased because the actual device char 
acteristics can only be measured by CD metrology tool 
SEM, Which is very labor intensive and time consuming. 
Furthermore, current analysis methods can include process 
related errors, stepper alignment system errors and overlay 
metrology measurement errors. 

[0024] In order to fully understand the stepper intra?eld 
overlay displacement under different illumination modes, an 
image displacement test reticle has been designed as an 
overlay test reticle to determine the aberration characteris 
tics and performance of the projection lens. The image 
displacement test reticle of the present invention has one and 
tWo layer image displacement patterns With 11 by 11 sites 
Within the ?eld. Image displacement pattern lineWidths 
range from 0.22 pm to 1 pm. One layer image displacement 
patterns, using 2 pm lineWidth inner box as a measurement 
reference and three bars having different lineWidth and pitch 
siZes as an outer box structure, can be used to test the image 
displacement for various lineWidths and pitch siZes. By 
printing a one layer pattern as a ?rst print, image displace 
ment readings Were automatically measured using, e.g., a 
KLATM-type metrology tool. The test method disclosed 
herein also minimiZes process related errors and eliminates 
stepper image displacement system errors. 

[0025] The image displacement test reticle variations dis 
closed herein Were used to identify the image displacement 
With four modi?ed illumination conditions. The image dis 
placement of 0.3 pm, 0.4 pm, 0.6 pm, 1.0 pm equal line/ 
space outer bars, 0.5 pm isolated line outer bar and, e.g., a 
standard KL TM mark are described hereinbeloW. 

[0026] The exposure tool used With the image displace 
ment test reticle is an I-line stepper (Canon, USA). The 
image displacement test reticle disclosed herein Was used to 
print one layer image displacement structures With 0.3 pm, 
0.4 pm, 0.6 pm, 1.0 pm equal line/space outer bar image 
displacement marks and 0.5 pm isolated line outer bar image 
displacement mark, as Well as a standard KLATM mark. Four 
illumination modes Were used, Which Were convention illu 
mination numerical aperture (NA) NA=0.63, =0.65 and 
NA=0.63, =0.3, quadrupole and annular. After printing and 
developing the image displacement test marks on the double 
polish bare silicon Wafers coated by 1.0 pm PFI34 resist, the 
data Was measured using a KLATM 5200 metrology tool. 

[0027] In FIG. 1, an image displacement pattern array 10 
of the prior art is depicted and is shoWn herein as a bloW-up 
from its standard side length of 22 millimeters. Image 
displacement test pattern 12, eleven patterns to a side, form 
square array of patterns 12, and are separated by gap 14 
betWeen patterns 12. A bloWup of one of these patterns 12 
is depicted having a line 16 and a pitch 18. The line 16 and 
the pitch 18 have a design of the prior art, and form a 
box-in-box pattern having an outer box 20 and an inner box 
22. The critical dimensions (CD) of the box-in-box pattern 
is a one to tWo micrometer lineWidth for line 16, and 10 to 
20 micrometers for the pitch siZe for the pitch 18. A 
box-in-box pattern 12 of the prior art is depicted in FIG. 2. 
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[0028] Turning noW to the present invention, an image 
displacement mark 30 is depicted in FIG. 3. The image 
displacement mark 30 includes four sets of lines 34 that 
surround a boX 32, Which replace the image displacement 
pattern 12 of FIG. 1. The lines 34 form a triad 36. Four of 
these triads 36 surround, and are centered around, boX 32. 
Each of the lines 34 that form triad 36 have a constant 
lineWidth L and are separated by a constant pitch siZe S. The 
length of the lines 34 is the distance X2. A distance X3 is 
used to describe the distance betWeen triad 36 at opposite 
ends of boX 32. The boX 32 has an outer length dimension 
X1, and the thickness of the line that makes up the boX 32 
is measured as X4. In one embodiment of the present 
invention, the distance X1 may be about 10 micrometers, the 
distance X2 may be about 14 micrometers, the distance X3 
may be about 25 micrometers and the distance X4 is about 
2 micrometers. The line 34 has a length L and a pitch siZe 
S betWeen lines 34 that may vary depending the critical 
dimensions required for aligning the test pattern 30, as 
described hereinbeloW. The lineWidth and pitch siZe vari 
ables L and S are described in Table 1, herein beloW. The 
lineWidth and pitch siZes Will vary on the device siZe of the 
underlying circuit, With smaller siZes for smaller device 
Widths. 
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about 10 micrometers, the distance X2 is about 14 microme 
ters, the distance X3 is about 31 micrometers, and the 
distance X4 is about 2 micrometers. The variable dimen 
sions L and S are described in Table 2 hereinbeloW. The 
lineWidth and pitch siZes Will vary on the device siZe of the 
underlying circuit, With smaller siZes for smaller device 
Widths. 

TABLE 2 

unit: urn 

L S L S L S L S L S 

1 1 0.9 0.9 0.8 0.8 0.7 0.7 0.6 0.6 
0.5 0.5 0.5 1 0.5 1.5 0.5 2 0.5 2.5 
0.4 0.4 0.4 0.8 0.4 1.2 0.4 1.6 0.4 2 
0.35 0.35 0.35 0.7 0.35 1.05 0.35 1.4 0.35 1.75 
0.32 0.32 0.32 0.64 0.32 0.96 0.32 1.28 0.32 1.6 
0.3 0.3 0.3 0.6 0.3 0.9 0.3 1.2 0.3 1.5 
0.28 0.28 0.28 0.56 0.28 0.84 0.28 1.12 0.28 1.4 
0.25 0.25 0.25 0.5 0.25 0.75 0.25 1 0.25 1.25 
0.22 0.22 0.22 0.44 0.22 0.66 0.22 0.88 0.22 1.1 

[0031] Turning noW to FIG. 5, an image displacement 
mark 50 is depicted in Which the boX 52 is not positioned 

TABLE 1 

unit: urn 

L S L S L S L S L S L S 

1 1 0.9 0.9 0.8 0.8 0.7 0.7 0.6 0.6 0.38 0.38 

0.5 0.5 0.5 1 0.5 1.5 0.5 2 0.5 2.5 single line= 
0.5 

0.4 0.4 0.4 0.8 0.4 1.2 0.4 1.6 0.4 2 single line= 

0.4 

0.35 0.35 0.35 0.7 0.35 1.05 0.35 1.4 0.35 1.75 single line= 
0.35 

0.32 0.32 0.32 0.64 0.32 0.96 0.32 1.28 0.32 1.6 single line= 

0.32 

0.3 0.3 0.3 0.6 0.3 0.9 0.3 1.2 0.3 1.5 single line= 

0.3 

0.28 0.28 0.28 0.56 0.28 0.84 0.28 1.12 0.28 1.4 single line= 

0.28 

0.25 0.25 0.25 0.5 0.25 0.75 0.25 1 0.25 1.25 single line= 

0.25 

0.22 0.22 0.22 0.44 0.22 0.66 0.22 0.88 0.22 1.1 single line= 

0.22 

[0029] Table 1 contains the variable dimensions for the 
lineWidth L and D pitch siZe S for image displacement mark 
30 and image displacement mark 50 described hereinbeloW 
at FIG. 5. 

[0030] FIG. 4 describes an image displacement marked 40 
in Which ?ve variable lines 42 are arranged in parallel to 
form a pentad 46 that surrounds a boX 44. As With the image 
displacement mark 30 described in FIG. 3, the image 
displacement mark 40 described in FIG. 4 is de?ned by the 
folloWing parameters. The lines 42 has a lineWidth L. The 
lines 42 are separated by a pitch siZe S. The lines 42 have a 
length X2. The distance betWeen the center points of pentads 
46 and opposite ends of boX 44 is de?ned as X3. Box 44 has 
an outer dimension of X1 and has a boX lineWidth de?ned by 
X4. For image displacement mark 40 the distance X1 is 

Within the lines 54 Which form triads 56. In image displace 
ment mark 50, the boX 52 is located adjacent to the four sets 
of triad 56. The distance betWeen the center point of the 
triads 56 and the boX 52 is X5. As With the previous ?gures, 
the line 54 has a lineWidth and pitch siZe that are variable 
too. The length of line 54 is de?ned by X2 and the distance 
betWeen triad 56 center points is the distance X3. The boX 
52 has an outer length X1 and a line siZe X4. The dimension 
of the triple variable line and space With boX pattern depicted 
herein as image displacement boX 50 are as folloWs: X1 is 
about 10 micrometers, X2 is about 14 micrometers, X3 is 
about 25 micrometers, X4 is about 2 micrometers, and X5 is 
about 50 micrometers. The variable dimensions for the 
lineWidth L and the pitch siZe S are variable and are 
described hereinabove in Table 1. 
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[0032] FIG. 6 is image displacement mark 60 that is 
depicted in Which a pentad 66 of lines 64 area arranged in 
an empty box con?guration adjacent a box 62. The distance 
betWeen the center point of the pentads 66 and the box 62 is 
X5. As With the previous ?gures, the line 64 has a lineWidth 
and pitch siZe that are variable too. The length of line 64 is 
de?ned by X2 and the distance betWeen pentad 66 center 
points is the distance X3. The box 62 has an outer length X1 
and a line siZe X4. The dimension of the pentad variable line 
and space With box pattern depicted herein as image dis 
placement box 60 are as folloWs: X1 is about 10 microme 
ters, X2 is about 14 micrometers, X3 is about 25 microme 
ters, X4 is about 2 micrometers, and X5 is about 50 
micrometers. The variable dimensions for the lineWidth L 
and the pitch siZe S are variable and are described herein 
above in Table 1. 

[0033] FIG. 7 shoWs another image displacement mark 70 
having lines 72 that form eight pentads 74. The distance 
betWeen pentads 74 is measured by the distance X, Which is 
also the length of lines 72. The lineWidth of line 72 is 
measured by L and the pitch siZe or distance betWeen the line 
72 is measured by the distance S. The image displacement 
mark 70 is divided into a small array 76 of pentads in a large 
array of pentad 78. The line 79 of the larger array pentad 78 
have a Width of X4 and a matching distance of pitch siZe 
distance of X4 as Well. The dimensions for X1 may be about 
25 micrometers, X2 about 10 micrometers, having the 
distance of L may be about 2 micrometers, and S about 2 
micrometers. The variation is obtained by varying the num 
bers L and S described hereinbeloW in Table 3. The lin 
eWidth and pitch siZes Will vary on the device siZe of the 
underlying circuit, With smaller siZes for smaller device 
Widths. 
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[0034] The image displacement mark 80 in FIG. 8 con 
tains lines 82 Which are subdivided into large Width marks 
84 and small Width marks 86 and have a length of about 15.5 
micrometers. Both the lineWidth and the pitch siZe are 
variable in the line 32 that make up image displacement 
mark 80. Furthermore, the lines are rotated to a 90 degree, 
45 degree, and 135 degree angle relative to the ?rst mark. 
The marks 85 and 87 are both surrounded by a box 88. The 
lineWidth and the pitch siZe are de?ned by dividing the 
different lines 82 from the ends as they approach the middle 
of the image displacement mark 80 by dividing the variable 
L1 by S1 as they approach the center in mark 83 from left 
to right. Conversely, the lineWidth and the pitch siZe are 
de?ned by dividing the different lines 82 from the ends as 
they approach the middle of the image displacement mark 
80 by dividing the variable L2 by S2 as they approach the 
center in mark 83 from right to left. The non-variable 
numbers are L1 and S1 have a dimension of about one 
micrometer. The variation is obtained by varying the num 
bers L2 and S2 described hereinbeloW in Table 4. The 
lineWidth and pitch siZes Will vary on the device siZe of the 
underlying circuit, With smaller siZes for smaller device 
Widths. 

TABLE 4 

L2[S2 array size unit: urn 

L2 S2 

0.5 0.5 
0.4 0.4 
0.35 0.35 
0.32 0.32 

TABLE 3 

unit: urn 

L S L S L S L S L S L S 

0.5 0.5 0.5 1 0.5 1.5 0.5 2 0.5 2.5 single line = 

0.5 

0.4 0.4 0.4 0.8 0.4 1.2 0.4 1.6 0.4 2 single line = 

0.4 

2 2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 2 

0.35 0.35 0.35 0.7 0.35 1.05 0.35 1.4 0.35 1.75 single line = 

0.35 
0.32 0.32 0.32 0.64 0.32 0.96 0.32 1.28 0.32 1.6 single line = 

0.32 

2 2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 2 

0.3 0.3 0.3 0.6 0.3 0.9 0.3 1.2 0.3 1.5 single line = 

0.3 

0.28 0.28 0.28 0.56 0.28 0.84 0.28 1.12 0.28 1.4 single line = 

0.28 

2 2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 

0.25 0.25 0.25 0.5 0.25 0.75 0.25 1 0.25 1.25 single line = 

0.25 
0.22 0.22 0.22 0.44 0.22 0.66 0.22 0.88 0.22 1.1 single line = 

0.22 

2 2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 2 
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TABLE 4-continued 

L2/S2 array size unit: urn 

L2 S2 

0.3 0.3 
0.27 0.27 
0.25 0.25 
0.22 0.22 
0.2 0.2 

[0035] FIG. 9 shows an image displacement mark 90 With 
a ?ve by ?ve hole array having an overlay pattern display. 
Aseries of four ?ve by ?ve hole arrays 94 have a square hole 
92 Which has a Width of H. The hole 92 may also be a hole 
of any shape. The distance betWeen hole 92 is the distance 
S. The distance betWeen the center points of the hole arrays 
94 are the distance X and X1. Adjacent to the hole array 94 
are lines 96 that form line pentads 98. The lines 96 have a 
Width of L1 and are separated by a pitch size of S1. The 
distance betWeen adjacent pentads 98 from center point to 
center point are the distances X and X1. The distance 
betWeen hole array 94 and pentads 96 at the closest point are 
de?ned by the distance X2. The distance betWeen adjacent 
image displacement mark is the distance X3. The ?Xed 
dimensions for image displacement mark 90 are X1 of about 
is 25 micrometers, X2 of about 50 micrometers, L1 of about 
2 micrometers, and S1 of about 2 micrometers. The variable 
dimensions are de?ned for H and S in Table 5 hereinbeloW. 
The lineWidth and pitch sizes Will vary on the device size of 
the underlying circuit, With smaller sizes for smaller device 
Widths. 
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[0036] FIG. 10 is an image displacement mark 100 having 
adjacent boX-in-boX marks 101, storage note and storage 
note contact image displacement marks 103, and boX-in-line 
marks 105. Lines 102 and boxes 104 are depicted in Which 
the lineWidth is varied betWeen 0.5 micrometers and 2 
micrometers. The length of the lines 102 is about 18 
micrometers. The boX-in-boX marks 101 and the adjacent 
storage note/storage note contact image displacement marks 
103 are of about 50 micrometers. The distance betWeen 
storage note contact marks 103 and adjacent boX-in-line 
mark 105 is also about 50 micrometers. The outer dimension 
of the boX 104 is about 10 micrometers for the small boX and 
about 20 micrometers for the large boX 106. The lineWidth 
of the large boX 106 is about 2 micrometers, as is the 
lineWidth of the small boX 104. 

[0037] FIG. 11 shoWs a composite image displacement 
mark 110. The composite image displacement mark 110 has 
both the positive and negative versions of image displace 
ment marks 30, 40, 50, 60, 70, 80, 90, and 100 disposed 
therein. Using the composite image displacement mark 110 
changes in illumination may be detected by focusing image 
displacement using the mark best capable of differentiating 
betWeen image displacement during changes in illumination. 
As depicted herein, the composite image displacement mark 
110 has both the positive and negative forms of the image 
displacement marks 30, 40, 50, 60, 70, 80, 90, and 100, 
Which may be formed into an array such as that depicted as 
10 in the patterns designated A through F in FIG. 11. Both 
the positive and negative forms of the image displacement 
marks 30, 40, 50, 60, 70, 80, 90, and 100 (in one example, 
respectively Pattern A through F) serve to better align the 
lens optics of, e.g., an optical stepper as one or the other 

TABLE 5 

unit: urn 

H S H S H S H S H S H S 

0 5 0 5 0 5 1 0 5 1.5 0 5 2 0 5 2 5 single line = 

0.5 

0 4 0 4 0 4 0 8 0.4 1 2 0 4 1 6 0 4 2 single line = 

0.4 

2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 

0.35 0.35 0.35 0.7 0.35 1.05 0.35 1.4 0.35 1.75 single line = 

0.35 

0 32 0.32 0 32 0 64 0.32 0.96 0.32 1.28 0.32 1.6 single line = 

0.32 

2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 

03 03 03 06 0.3 09 03 12 03 15 single Line= 

0.3 

0 28 0 28 0 28 0 56 0.28 0 84 0 28 1 12 0 28 1 4 single line = 

0.28 

2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 

0.25 0.25 0.25 0.5 0.25 0.75 0.25 1 0.25 1.25 single line = 

0.25 

0.22 0.22 0.22 0.44 0.22 0.66 0.22 0.88 0.22 1.1 single line = 

0.22 

2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 
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form may be used depending on the preference of the user. 
The composite image displacement mark 110 may have a 
side length of about 1510 micrometers and has open areas 
112 in Which other patterns or image displacement marks 
may be placed. The siZe of the pattern area Will depend on 
the variable portions of those image displacement marks that 
are selected to form the composite image displacement mark 
110. 

[0038] One important feature of the present invention is 
that one layer image displacement marks that use variable 
lineWidth and pitch siZe for the outer image displacement 
marks design may be used to keep the standard inner boX as 
a measurement reference. Another important feature of one 
embodiment of the present invention is that tWo layer image 
displacement marks may use standard inner boXes as ?rst 
print and variable lineWidth and pitch outer image displace 
ment marks as part of a second print. These features can 
make the image displacement test reticle have the folloWing 
advantages. First, the one-layer image displacement marks 
may be used to measure displacement across the ?eld 
Without stepper image displacement system and process 
related errors. Second, tWo-layer image displacement marks 
may be used to simulate the image displacement process of 
actual devices and may also be used to obtain correct image 
displacement data for compensating actual device misalign 
ment. Third, all of these marks may be used to run an image 
displacement analysis in conjunction With automated mea 
surements. The measurement time of the automated image 
displacement is generally reduced as compared With manual 
critical dimension measurements. 

[0039] The image displacement test reticle of the present 
invention may be used for the folloWing applications. Dur 
ing mass production and manufacturing, the image displace 
ment test reticle may be used to evaluated any common 
stepper image displacement performance. Based on accep 
tance test speci?cations and the data corrected using the test 
reticle disclosed herein, it may be decided Whether to accept 
or reject the incoming stepper. The test reticle may also be 
used as a routine stepper quali?cation reticle for maintaining 
the stepper image displacement base. The image displace 
ment test reticle may also be used by photolithography 
process engineers for image displacement process optimi 
Zation, process troubleshooting, and process yield improve 
ment. 

[0040] Furthermore, equipment engineers may use the 
image displacement test reticle to adjust stepper image 
displacement base line When image displacement base line 
shift occurs. Also, stepper venders may use the image 
displacement test radical to inspect further lithographic 
stepper machines during the optical system assembly. The 
inspection results may be used to provide feedback to 
improve the design of the current and future systems. 
Finally, image displacement metrology tool vendors may 
use the image displacement test reticle to quantify measure 
ment machine accuracy When handling smaller geometry 
and pitch siZe image displacement mark. 

[0041] Four dies located at the center of Wafer Were 
measured using the illumination conditions. TWenty one 
measurement sites Were selected for each die. All of the 
analysis data Was based on the average measurement reading 
of four dies. Only a feW cases are chosen to illustrate and 
eXplain the issues. 
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[0042] An illumination mismatching among different 
modes Was observed. The displacement discrepancy 
betWeen tWo different illumination modes is demonstrated in 
FIGS. 12 and 13 in the cases of equal line/space of 0.4 pm 
and isolated line of 0.5 pm, respectively. These results 
indicate that if the ?rst print is conventional illumination 
With 0.3 sigma and the second print super illumination (SI) 
using an SIA stopper, the displacement discrepancy at same 
location caused by illumination mismatching may be greater 
than 20 pm at the Worst location Within the ?eld. The 
possible root causes of this phenomenon are: the residual 
aberration values of different illumination modes are differ 
ent and coma aberration should be mainly concerned; or 
changing the illumination apertures cause incomplete tele 
centricity. Also, the degree of incomplete telecentricity for 
each illumination mode is not same. 

[0043] Intensity-unbalanced illumination is one of the 
reasons, particularly in the case of super illumination using 
an SIA stopper setting, for the errors observed. Furthermore, 
errors in telecentricity error may also cause the displace 
ment. The image displacement displacement betWeen stan 
dard KLATM and smaller lineWidth and pitch siZe marks, 
such as the standard KLATM mark, is insensitive to the 
illumination condition change as shoWn in FIG. 14. The 
displacement discrepancy closes to Zero under the four 
illumination conditions causing optical aberrations. For the 
outer mark With 0.4 equal line/space, hoWever, the displace 
ment values shifted under the four illumination conditions. 
FIG. 15 shoWs the displacement results of magnitude and 
direction. 

[0044] The present results, obtained on a AB 104 stepper, 
shoW that the highest spatial frequency term (0.3 pm equal 
line/space) has the largest displacement value, and the 
loWest spatial frequency term (KLATMl mark) shoWs the 
least displacement value Which is less than 2 nm. 

[0045] The small sigma illumination enhanced the dis 
placement signi?cantly When compared to the other three 
illumination modes. The trend of displacement With =0.3 
shoWs signi?cant shift across ?eld variation. From a coma 
test, it Was determined that a coma aberration on the AB 104 
stepper increases When a decreases. The Worst case is When 
is equal to 0.3. 

[0046] The displacement across the ?eld is not constant 
because the optical lens aberrations depend on ?eld coordi 
nates. Therefore, different ?eld positions have different 
distorted Wave front curvatures, in particular, When they 
form distorted images Which are shifted to the position the 
ideal locations. 

[0047] The illumination system of steppers is often 
designed as a Kohler illumination system. In the Kohler 
illumination system, the mask is placed on the eXit pupil of 
a condenser lens. In a ideal case, the condenser lens provides 
uniform illumination on the mask from the source that is not 
uniform. In stepper systems, hoWever, the illumination 
optics are not designed and manufactured as precisely as 
projection optics. The separate design and manufacture of 
image displacement systems caused condenser aberrations, 
misalignment of optical components, and a non-uniform 
effective source. The non-uniform effective source induces 
tilt of the illumination light on the mask because the angular 
distribution of the illumination on the mask is de?ned by the 
effective source distribution. Different illumination aper 
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tures have different non-uniform effective source values, 
Which give different tilt effects. Normally, the tilt perfor 
mance of, e.g., a Canon AB 104 stepper, may only be 
optimized to one illumination condition, but that is no 
guarantee for the other illumination modes. That is Why the 
displacement results shoW the standard convention illumi 
nation has less tilt effect than other illumination modes. 

[0048] The image displacement caused by different illu 
mination conditions Was measured on the neWly designed 
image displacement test reticle With different lineWidth and 
pitch siZes empirically. The empirical data shoW that dis 
placement depends not only on the illumination conditions 
but also on the lineWidth and pitch siZe of pattern feature. To 
better control the image displacement accuracy betWeen tWo 
layers eXposed under different illumination modes for 0.25 
0.35 pm technology devices, it is important to conduct 
illumination matching and image displacement on the step 
per equipment. These results reveal that standard image 
displacement mark having 10-20 pm boX-in-boX, Which is 
conventionally used for overlay measurement in device 
fabrication, may not monitor the ?ne pattern displacement 
inside of the chip. Acceptance tests for incoming stepper 
should include ?ne pattern displacement checks under modi 
?ed illumination conditions. The image displacement test 
reticle and patterns described herein, provide the inspection 
tools necessary to adjustment the optics of the stepper on 
site. 

[0049] As smaller sigma illumination introduces higher 
lens aberrations, the stepper systems must be veri?ed and 
modi?ed for changing image displacement and illumination 
conditions. For eXample, the illuminator and projection 
system design speci?cation to meet the challenge image 
displacement requirements and support the neW technology 
in semiconductor industry. 

[0050] Thus, the present inventors have recogniZed that a 
signi?cant problem of current tools for image displacement 
testing Will be that current image displacement marks having 
lineWidths of 1 to 2 microns, and pitch siZes of 10 to 20 
microns, such as the boX in boX pattern, Will fail to monitor 
performance of advanced illumination techniques Which 
Will be used on integrated circuit device cells having, e.g. 
lineWidths of 0.25 to 0.5 microns, and pitch siZes of 0.5 to 
1 micron. 

[0051] While this invention has been described in refer 
ence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations and combinations of the illustrative embodiments, 
as Well as other embodiments of the invention, Will be 
apparent to persons skilled in the art upon reference to the 
description. It is therefore intended that the appended claims 
encompass any such modi?cations or embodiments. 

What is claimed is: 
1. Amethod of measuring aberration of a projection lens 

in a photolithographic patterning system comprising the 
steps of: 

taking a ?rst image displacement measurement With a test 
reticle having a variable lineWidth and a variable pitch 
siZe on an outer image displacement mark; 

changing the illumination conditions of photolithographic 
equipment that projects light upon said test reticle; and 
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taking a second image displacement measurement With 
said test reticle having a variable lineWidth and a 
variable pitch siZe on an outer image displacement 
mark and comparing said second image displacement 
measurement to said ?rst image displacement measure 
ment to determine an image displacement offset due to 
said change in illumination. 

2. The method of claim 1, further including the step of: 

changing the illumination conditions of photolithographic 
equipment; and 

taking a third image displacement measurement and com 
paring said third image displacement measurement to 
said ?rst or said second image displacement measure 
ment to determine an image displacement offset due to 
said change in illumination. 

3. The method of claim 1, Wherein said test reticle further 
comprises a standard inner boX located Within said outer 
image displacement mark. 

4. The method of claim 1, further comprising the step of: 

changing an image displacement of a production reticle 
based on said image displacement offset measured With 
said test reticle. 

5. The method of claim 1, Wherein said test reticle 
comprises the image displacement mark having four sets of 
lines that surround a boX such that each set of lines forms a 
triad, each set placed adjacent to one side of said boX. 

6. The method of claim 1, Wherein said test reticle 
comprises the image displacement mark having four sets of 
lines that surround a boX such that each set of lines forms a 
pentad, each set placed adjacent to one side of said boX. 

7. The method of claim 1, Wherein said test reticle 
comprises the image displacement mark having four sets of 
lines having a ?rst pair aligned vertically and a second pair 
aligned horiZontally, each pair facing opposite the other, a 
boX positioned adjacent to one set of lines, each set of lines 
forms a triad. 

8. The method of claim 1, Wherein said test reticle 
comprises the image displacement mark having four sets of 
lines having a ?rst pair aligned vertically and a second pair 
aligned horiZontally, each pair facing opposite the other such 
that rectangular area is formed, a boX positioned adjacent to 
one set of lines, each set of lines forms a pentad. 

9. The method of claim 1, Wherein said test reticle 
comprises the image displacement mark having eight sets of 
lines having a ?rst pair aligned vertically and a second pair 
aligned horiZontally, each of ?rst and second pair facing 
opposite the other, said set having a third and fourth pair of 
lines, the third pair aligned vertically and the fourth pair 
aligned horiZontally, each set of lines forms a pentad. 

10. The method of claim 1, Wherein said test reticle 
comprises the image displacement mark having tWo sets of 
lines, the ?rst set having a ?rst Width, the second set of lines 
having a second Width, Wherein the ?rst Width is greater than 
the second Width, each set placed adjacent to one another. 

11. The method of claim 1, Wherein said test reticle 
comprises the image displacement mark including four sets 
of ?ve by ?ve resin arrays adjacent to tWo sets of lines 
having a ?rst pair aligned vertically and a second pair 
aligned horiZontally, Wherein the ?rst and the second set of 
lines are placed adjacent to each other, each of ?rst and 
second pair of lines facing opposite the other, each set of 
lines forms a pentad. 






