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SUMMARY 

Reference Materials (RM) 8820 are multipurpose instrument calibration standard available from NIST. These are 
dimensional standards initially developed to replace the out of stock RM 8090 used for X and Y scale calibrations of 
scanned particle beam microscopes. RM 8820 are single, diced 20 mm x 20 mm chip from a 200 mm silicon wafer. 
There are four NIST RM 8820 patterns on the chip. Surrounding the RM 8820 patterns are many additional test 
patterns and test structures. These test structures were designed through the NIST collaboration with the SEMAT-
ECH Advanced Metrology (AMAG) and Overlay Metrology (OMAG) Advisory Groups. The test structures of RM 
8820 were lithographically patterned on a silicon chip. These patterns can also be used for calibration and testing 
of instruments, other than a scanned particle beam microscopes, such as optical and scanned probe microscopes. 
In addition to scale calibration, RM 8820 can be used for many other purposes such as stage and scan linearity 
checking, and instrument contamination testing. This document describes the 8820 Reference Materials, many of 
the additional test patterns and structures, as well as, some of the additional applications for which this standard 
can be employed. 

Keywords: standards, scanning electron microscope, traceability, magnification, field of view, scale, calibration, scatter
ometry, overlay, linearity 

1. INTRODUCTION 

NIST Reference Material (RM) 8820 was developed primarily to be used for X and Y scale (magnifi cation) calibrations 
of scanned particle beam microscopes such as scanning electron (SEM), focused ion beam (FIB) and helium ion (HIM) 
microscopes from less than 10 times magnification to more than 300 000 times magnification, i.e., a horizontal fi eld width 
(HFW)3 from about 10 mm to smaller than 300 nm range instrument HFW [1].  The HFW is a more appropriate way to 
describe what is commonly referred to as instrument magnification, but both terms will be used in this document. 

1 Certain commercial equipment is identified in this work to adequately describe the experimental procedure. Such identification does not imply recom
mendation or endorsement by the National Institute of Standards and Technology, nor does it imply that the equipment identified is necessarily the best 

available for the purpose.
 
2  Contribution of the National Institute of Standards and Technology; not subject to copyright.
 
3 Horizontal Field Width (HFW). The generally used term magnification has become meaningless terminology. This is because of the myriad of ways an 
image can be manipulated after these data have been taken and stored. Therefore, the term horizontal field width or HFW is a more appropriate term and 
has been adopted in this work to reflect this more correct terminology. 
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There are four NIST RM 8820 patterns located on the reference material. These four patterns are described in the fi rst part 
of this document. Surrounding each of the RM 8820 patterns can be found many additional test patterns and structures. 
These patterns are described in the SUPPLEMENTAL PATTERNS section of this document. These test structures were 
designed through the NIST collaboration with SEMATECH and its Advanced Metrology (AMAG) and the Overlay Me
trology (OMAG) Advisory Groups. All of the test structures of RM 8820 were lithographically patterned on a silicon chip 
and can also be used for calibration and testing of other type of instruments such as: scatterometers and optical and scanned 
probe microscopes. Using RM 8820, all microscopes within a laboratory can be calibrated to the same reference sample. 
In addition to scale calibration, RM 8820 can be used for stage and scan linearity checking and instrument contamination 
testing (as described in a later section of this document). 

The overall RM 8820 was fabricated at SEMATECH, Austin, TX. This overall sample is the culmination of many years 
of effort to provide the industry with low-cost calibration standards for laboratory and manufacturing metrology instru
mentation. This document describes the 8820 standard, many of the additional test patterns and structures, and outlines a 
procedure for using the RM for contamination testing. 

1.1 History 

The first lithographically produced NIST Reference Material (RM) for SEM magnification calibration was introduced to 
the microscopy community in 1988 [2] and was released as a NIST Reference Material in 1995 - RM 8090 [3]. The RM 
8090 samples were fabricated using direct-write electron beam lithography and a metal lift-off process on a silicon wafer 
substrate. The pattern consisted of a layer of 10 nm titanium and 40 nm palladium on a 10 x 10 mm silicon chip. The edge 
roughness of the 200 nm pitch structures was measured to be 5 nm or less. The lift off technique resulted in an edge rough
ness of approximately 4 nm. 

The initial NIST RM 8090 sample was a product of several years of research effort. The three major design constraints 
were 1) adequate fidelity for the smallest line structures (200 nm pitch); 2) the ability to view the sample at both high and 
low accelerating voltages [4], and 3) materials that are fully compatible with the then current complementary metal–ox
ide–semiconductor (CMOS) production. Therefore, gold was a material that could not be used. These fundamental require
ments were achieved on proof-of-concept samples that were initially fabricated by direct write e-beam lithography and 
manually processed at the Cornell National Nanofabrication Facility (NNF) in collaboration with Dr. Richard Tiberio [2,5]. 
Following the initial proof of concept, a second batch of evaluation (20) samples was fabricated by Dr. Tiberio and NIST 
circulated them to the community for technical comments and review. 

The generation of a useful reference material for the United States requires the ability for NIST to stock and make available 
a number of samples sufficient to meet the anticipated demands of the customer base. With literally hundreds of scanning 
electron microscopes in use at that time, faster and more efficient ways of fabrication needed to be sought. Standards such 
as RM 8090 or RM 8820 should be made in bulk quantities and must be inexpensive enough to be used on the “shop fl oor.” 
Through the efforts of Ms Marilyn Hoy Bennett and Dr. Brian Newell, of Texas Instruments (TI), Dallas, they were able 
to convince TI to assist NIST in fabricating the fi rst ever production batch of the reference materials. Using direct write 
electron beam technology and full wafer lithographic processing capabilities, approximately 150 samples were initially 
fabricated [6,7,8]. The major portion of these samples was placed into stock within the Office of Standard Reference Ma
terials (OSRM) and also a number of the samples were distributed to about 60 laboratories across the United States in an 
interlaboratory study [9]. 

1.2 Interlaboratory Study. Several of the initial RM 8090 samples were distributed to laboratories in industry, academia 
and government as an interlaboratory study with the goal of assessing the impact of the RM on the customer base. Approxi
mately 60 laboratories across the United States agreed to participate in the study [9]. The major results of this study clearly 
outlined the current calibration deficiencies and need for accurate instrument calibration [9]. Use of the new standard dem
onstrated that scanning electron microscopes, currently in use, were generally mis-calibrated as much as 60 %. Even instru
ments within the same laboratory were as much as 15 % mis-calibrated to each other. This study opened the eyes of the 
SEM researchers regarding the need to calibrate properly the instrumentation both in the laboratory and for manufacturing. 

2 



 

 

 

  
 

 

 

 

1.3 Second Production Batch. The first production run of RM 8090 sold out rapidly and it became necessary to look again 
into the technology pool for a solution. TI agreed to provide another batch of 50 samples as an interim solution. Therefore, 
a second release of RM 8090 samples occurred. But during the interim between RM fabrication batches, several internal 
changes at Texas Instruments occurred, resulting in the inability for TI to fabricate any additional batches of the materials. 
Subsequently, other companies having direct-write e-beam capabilities volunteered to assist NIST but were unable to meet 
the fidelity requirements in the materials needed for the sample. Other avenues for fabrication needed to be developed. 

1.3.1 X-ray Lithography. During the technology search, x-ray lithography was considered to be a viable alternative 
technology. X-ray lithography was potentially a very high-fidelity and rapid throughput technology lending itself to mass 
fabrication of the RMs. Utilizing x-ray lithography in the fabrication of the RMs would be extremely cost-effective and 
many samples could be made available at a low cost. The complication and eventual weakness in this technique was the 
fabrication of the x-ray mask. The fabrication of the x-ray lithographic mask was unsuccessful and it became necessary to 
look elsewhere for a solution. 

1.3.2 Optical Lithography. Several other attempts were made to fabricate the RM sample through electron beam lithogra
phy by a number of other laboratories. These attempts proved to be unsuccessful and not cost-effective. Fortunately, optical 
lithography continued along the path of Moore’s law as a viable technology. Through the strong collaboration between 
NIST and SEMATECH, state-of-the art phase-shifting masks were fabricated and experiments were done to optimize the 
lithography needed for the fidelity of the fine lines of the RM. This was accomplished and 100 samples were delivered to 
the NIST Office of Standard Reference Materials (OSRM). Since the overall pattern on the chip was markedly different 
than the previous RM 8090 samples, the new RM was named RM 8820. 

1.4 SEMATECH AMAG/OMAG. RM 8820 was a product of the strong SEMATECH Advanced Metrology Advisory 
Group (AMAG)/NIST collaboration. The overall chip was designed with the intent of not only solving the NIST need for 
a new reference material but also the semiconductor industry’s need for additional calibration and test patterns. Therefore, 
the four NIST patterns found on the chip are surrounded by numerous other patterns specifically designed for applications 
beyond just SEM calibration (Figure 1). Therefore, this document not only describes the RM 8820 patterns, but also the 
majority of the supplemental patterns in order to offer this standard to a wider community of users (see: Suppelmental 
Patterns Section). 

1.5 Reference Material vs. Standard Reference Material. In order to get the new standard to the industrial users as rapidly 
as possible, the first introduction of this standard was as an RM (an SRM version is currently being developed and will be 
discussed later). A NIST Standard Reference Material (SRM) is at the pinnacle of the reference material chain. An SRM has 
been highly researched and all sources of uncertainty have been explored leading to as low a measurement uncertainty as pos
sible. NIST Reference Materials (RM) have been highly researched, but all of the sources of measurement uncertainty have 
not been fully explored or accounted for. Therefore, the measurement uncertainty is somewhat higher. 

2.0 Materials and Methods 

2.1 Fabrication. The RM 8820 samples were fabricated on 200 mm silicon (Si) wafers using 193 nm extreme ultraviolet 
light lithography and a dry-etch process that formed all the patterns from an amorphous Si layer deposited on the silicon 
substrate with a thin silicon oxide layer between the layers. This 2 nm thin SiO2 was used as an etch stop. Before the pat
terns were made, measurements were carried out to determine the thickness of the amorphous Si layer. The average thick
ness of the amorphous Si layer was found to be 97.3 nm with a standard deviation (σ) of 1.6 nm. 

All amorphous silicon patterns exhibit a natural edge unevenness or edge roughness. This is a consequence of the lithogra
phy and etch processes. For RM 8820, the processing resulted in an average edge roughness of 6 nm. This edge roughness, 
however, does not have a very large effect on the pitch determination for calibration if a large enough segment of the lines 
is included in each pitch measurement. This can be achieved by measuring the center two-thirds of the images taken at 
suitable magnifications. To assist the user, a pitch calculation software program is available from NIST (upon request) that 
will calculate the pitch on hundreds or thousands of locations and give a statistical measure of the pitch values (see the 
description of this program later in this document). 
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 Figure 1. Overall bright field optical micrograph of the RM 8820 sample. (Courtesy of Zeiss, Inc.) 

RM 8820 was produced through collaboration with SEMATECH in Austin, TX. An Applied Materials [1] critical dimen
sion (CD) measurement SEM using a thermally assisted field emission source was used at International SEMATECH for 
automatic measurements of the samples prior to dicing and packaging. Measurements of multiple scans were averaged for 
the NIST metrology instrument result. The NIST inspection instrument used an average of 64 lines. 

2.2 Packaging. Each sample is provided in a box lined with semi-sticky plastic to protect it from damage. It is important 
to use, preferably conductive plastic tools (readily available from several suppliers) to carefully remove the chip from its 
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Figure 2. Identification and highlighting of some of the types of calibration and testing patterns available on RM 8820 overlain 
on the bright field optical micrograph of Figure 1. 

box. The semi-sticky plastic will let the user move the chip slowly away from the surface by gently pushing a tool under the 
bottom of the chip. It takes a few seconds for the semi-sticky plastic to recede and the chip then can be lifted out of the box. 

2.3 Mounting. The RM chip is intended to be mounted by the users on the proper stub, wafer or sample holder suitable 
for their particular instrument. Utmost care should be taken in the handling and mounting of the sample. Spring-loaded 
fasteners or a very small amount of carbon conductive paste applied at two corners of the chip were found to work well. 

Electron beam-induced contamination can be deposited on the sample depending on the handling, instrument cleanliness, 
electron beam current and accelerating voltage used. Only the user has control over these parameters. It is possible to 
achieve cleanliness so that after 10 minutes of continuous imaging no visible change in the quality of the image is observed 
or the measured value of the pitch. This may require the use of instrumentation and methods that are designed to clean the 
sample and the sample chamber and its vacuum system [10,11]. These methods are discussed further, in Sections 2.4 and 
3.6 of this document. 
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Figure 3. Optical micrograph of the overall RM 8820 with the global grid applied and the four NIST RM 8820 patterns shown 
at the coordinate locations described in the text. 

2.4 Sample Cleanliness. Sample cleanliness and elimination of electron or ion beam-induced contamination are 
both essential; this is especially true at small HFW (high magnifications). Unless the sample and the microscope are 
clean enough, (i.e., allowing for ten minutes of continuous imaging or measurement without noticeable sign of con
tamination), it is likely that erroneous and misleading results will be obtained. The RM artifacts were cleaned af
ter production, but it makes sense to check, and if necessary, clean the sample before it is placed under the particle 
beam. Later in this document there is a more detailed description of a cleaning procedure that was found to be very 
useful to clean (even electron beam) contaminated RM 8820 samples and the vacuum space of the microscope. 

3.0 Description of NIST RM 8820 

The overall RM 8820 chip is composed of the NIST patterns and a large number of additional patterns developed through the 
SEMATECH  AMAG and OMAG/NIST collaboration as shown in Figure 1. The overall chip was designed with the intent 
of solving the NIST and industrial need for a new dimensional reference material for scanned particle beam instrumentation 
used specifically in semiconductor manufacturing. This reference material is also useful in the calibration of those instruments 
used for other applications, as well. But the main constraints on the sample and material used for fabrication were dictated 
by semiconductor processing limitations. In addition, the additional calibration and test patterns identified by the AMAG/ 
NIST are included and are designed for applications beyond just particle beam instrument calibration. These include atomic 
force microscope calibration, optical microscope calibration, overlay metrology, line edge roughness measurement, global 
alignment test patterns, scatterometry test patterns, and a number of additional patterns with the locations shown in Figure 2. 

3.1 Global coordinate system. The RM 8820 patterns are found within an overall square pattern on the silicon chip. 
Most modern SEMs and other instruments have a precise vernier system for the sample drive mechanisms wheth
er they are manual or motorized. Many of the critical dimension (CD) SEMs have automated stages and pattern rec
ognition software. Therefore, a grid coordinate system for precise location of the patterns can be readily developed. 
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Figure 4. Optical microscope view of the 1.5 mm by 1.5 mm RM 8820 test structure. 

Figure 5. The nominal X and Y direction pitch values for the large structures of RM 8820. 
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Figure 6. The nominal X and Y direction pitch values for the small A to G structures of RM 8820. 

Figure 3 shows one approach to the development of a coordinate system for locating the patterns. Here, the upper left 
corner is coordinate (0000, 1000); the lower left corner is coordinate (0000, 0000); the upper right corner is coordi
nate (1000, 1000) and the lower right is coordinate (1000, 0000). The 400 mm2 chip (20 mm x 20 mm) is then bro
ken into 10 000 sub-squares; a calibration structure of interest can be precisely identified according to that grid. 

3.2 NIST RM 8820 SEM Calibration Pattern. The NIST particle beam calibration patterns of RM 8820 have been fabricated 
on the 20 mm x 20 mm silicon chip as a portion of a very large set of structures as shown in Figures 1 - 3. Note the locations 
of the four NIST scanning electron microscope calibration patterns (Figure 2). These patterns are 1.5 mm by 1.5 mm in size 
and are marked with letters “NIST.” These are readily visible with the naked eye as small bright squares within the large chip. 
Like its predecessor, RM 8820 patterns have pitches ranging from 200 nm to 1.5 mm in both X and Y directions (Figure 4). 

The four NIST patterns are composed of two versions of the RM 8820 pattern. In one version, the structures are separate 
from each other; in the other version, all patterns are electrically connected to each other. This makes it possible to connect 
these patterns to ground potential, if that is deemed by the user to be useful. The measurements done for quality assess
ment were done on the non-connected patterns. There are two pairs of the connected and non-connected patterns, which 
all can be used for scale calibration purposes. Within each RM 8820 pattern, there are 4 sets of calibration patterns (2 in 
the X direction and 2 in the Y direction). In the center of all of the RM 8820 patterns, there is a large area of structures for 
focusing and astigmatism correction and for the measurement of scan linearity. 

There are numerous other pitch structures on the RM that can be made into secondary calibration structures once the mi
croscope or other instrument has been initially calibrated. Development of secondary calibration structures is especially 
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Figure 7. Schematic design of structures A (left) and G (right). 

Figure 8. SEM micrograph of the complete RM 8820 structure. The pitch values of the large square frame structure are 1.5 mm 
in both X and Y directions as shown in Figure 4. (HFW = 1.75 mm) 
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Figure 9. Typical low-magnification image of a roughly 50 μm portion of the binary-type pitch structure. The 2 μm pitch-num-
bered guiding lines at the bottom and the isolated and dense structures are clearly visible. (HFW = 60 μm ) 

Figure 10. Typical SEM image of the 200 nm pitch patterns at 100 000 times magnification. (HFW = 813 nm) 
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Figure 11. The SEM images of the center cross structures of RM 8820. The pitch values of the structures are 1 μm in both X and 

Y directions. (HFW = 12 μm)
 

Figure 12. The SEM images of the center grid structures of RM 8820. The pitch values of the structures are 1 μm in both X and 

Y directions. (HFW = 12 μm)
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Table 1 
RM 8820 Measurements 

Pitches Nominal (μm) Metrology Instrument (μm) Inspection Instrument (nm) 
1 1500 1500.1 n/a 
2 1000 1000.1 n/a 
3 500 500.2 n/a 
4 250 250.3 n/a 
5 100 100.2 n/a 
6 50 50.1 n/a 
7 10 10.0 n/a 
8 4 4.01 n/a 
9 1.4 1.4 n/a 
10 2 2.0 n/a 
11 1 1.0 n/a 
12 0.7 0.70 n/a 
13 0.5 0.50 n/a 
14 0.4 0.40 400.7 STD 1.2 
15 0.28 0.28 n/a 
16 0.2 0.20 199.6 STD 0.9 

useful if the instrument in use is expected to contaminate the RM sample structures. 

Figure 5 shows the design and the nominal values for the X and Y direction large pitch structures of one of the non-
connected RM 8820 patterns. The two sets of patterns are designed to be identical in both of the X and Y pitch directions. 
These are marked with numbers 1 and 3 for the X direction and 2 and 4 for the Y direction. All structures were designed 
to be either parallel with or perpendicular to each other. Between the 50 μm pitch patterns are much smaller pitch patterns, 
shown at the right side of the drawing of Figure 4. 

The finest calibration structures are the 200 nm pitch structures found in the center of the 4 μm pitch structures (schemati
cally shown on the right side of Figure 5) lithographically they have merged into one larger structure. This has occurred 
because the resolution of the optical lithography technique for that area was not sufficient to resolve these small pitch 
structures as binary mask features. The structures marked A to G on Figure 6 were designed to solve this problem and 
provide 200 nm to 2 μm pitches. The A 200 nm and B 280 nm pitch structures were designed and fabricated with phase 
shifting patterns. Therefore, they have been resolved in this location. These are useful for pitch calibration up to about 
300 000 x magnification. But, as a minor consequence of the phase shifting lithography method, these are not fabricated 
as equal lines and spaces; the widths of the lines are smaller than the widths of the spaces between them. The C 400 nm, 
D 500 nm, E 700 nm, F 1 μm and G 2 μm pitch calibration structures were made with the binary mask and were fabricated 
as relatively equal line widths and space widths. All A to G pitch calibration structures were made as dense lines of large 
(100 μm by 120 μm) areas with the same pitch, and there are dense and isolated lines that extend beyond the dense cali
bration areas. These were designed to facilitate cross sectional measurements of dense and isolated lines after precision 
cleaving. All small structures at their bottom also have a 1 μm line, 1 μm space structure and 0, 10, etc. numbers up to 
100 to help the identification of exact locations within the small patterns themselves. After locating one of these numbers, 
one can easily and with very little sample motion arrive at isolated or dense lines or somewhere in the 100 μm by 120 μm 
areas. This, generally, may be done without any focus adjustment if the sample is mounted normal (perpendicular)  to the 
beam. All patterns with the same designation were designed to be identical, e.g., the four A patterns (two in the X direction 
and two in the Y direction) are the same design. Figures 6 and 7 show the schematic design of the location of the A through 
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Figure 13. A typical screen shot of the NIST Pitch Calibration software program available fo use with RM 8020. 

G structures. All other structures have similar designs, but with different pitch values (as described above). 

3.3 SEM Imaging. A SEM image of the entire RM 8820 structure, at low magnification, is shown in Figure 8. The pitch 
values of the large square frame structure are 1.5 mm in both X and Y directions. Figure 9 shows a typical low magnifica
tion image of a roughly 50 μm portion of a binary type, 1 μm pitch structure. The 2 μm pitch numbered guidelines at the 
bottom and the isolated and dense structures are clearly visible. Figure 9 shows a typical SEM image of the 200 nm pitch 
patterns at a HFW of about 813 nm or about 100 000 times magnification (Figure 10). Crosses (Figure 11) and grids (Figure 
12) are found in the center of the RM 8820 pattern which are used for focus and astigmatism correction as well as scan 
linearity measurements. 

3.4 Reference Scale Calibration Values. The reference values for a large set of scale calibration values are provided in 
Table 1. The reference values were determined by combined SEMATECH CD-SEM and laboratory SEM measurements. 
The reference values supplied are non-certified values that are the best estimate of the true value. These values do not 
meet all of the NIST criteria for Standard Reference Material certification, but do provide a reference value. The values 
are provided with large associated uncertainties since not all of the sources of uncertainty for the Reference Material have 
been fully explored. 

3.5 NIST Pitch Calibration Software Program. A public domain pitch calculation software program is available from 
NIST, which calculates the pitch on hundreds or thousands of locations and gives a statistical measure of the pitch values 
(Figure 13). The program uses a robust and comprehensive algorithm for measuring pitch in images of the calibration 
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Figure 14. Contamination free SEM operation at high accelerating voltage. 15 kV, 86 pA SEM images of amorphous Si pat-
terns at the beginning of the test (left) and after 10 minutes (right of continuous electron beam bombardment at twice as high 

magnification. Essentially no contamination is observable. (HFW = 2.56 μm) 

Figure 15. Contamination free SEM operation at low accelerating voltages. 1 kV, 86 pA SEM images of amorphous Si pat-
terns at the beginning of the test (left) and after 10 minutes (left) of continuous electro beam bombardment at twice as high 

magnification. Actual cleaning and enhancement of secondary electron emission is observable. (HFW = 5.12 μm) 
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samples. The algorithm was implemented and tested in a Matlab program. The algorithm requires a few parameters to be 
set before processing: contour level, angular acceptance and confidence level for the periodic pattern matching. However, 
for most images, the default values found automatically or preset in the program work well. No or little user intervention 
is therefore needed. This software program was developed by Martin Oral of NIST and is currently available through 
the NIST website (https://www-s.nist.gov/srmors/view_detail.cfm?srm=8820) or by contacting Andras Vladar (andras. 
vladar@nist.gov). This program is provided as an aid to the RM users and is not guaranteed to function on all computer 
operating systems, but only on those on which it has been tested. 

3.6 Contamination-Free Measurements. Electron beam-induced sample contamination is a serious but avoidable prob
lem associated with SEM imaging and metrology. Even a thin carbonaceous layer can significantly and unacceptably alter 
the sample. The sample surface is never completely clean, because typically a thin layer of molecules containing water 
and carbon dioxide is on the surface of samples that have been exposed to room air. Other possible contaminant molecules 
could come from storage containers or from the fabrication processes, the vacuum in the specimen chamber or outgassing 
from various parts of the sample stage - any species that have high mobility and long mean free paths in vacuum conditions. 
Any or all of these contamination sources can end up in the vicinity of the region hit by the electron beam. In a dynamic 
process of adsorption and desorption, these molecules can be deposited on the surface of the sample. The number of these 
molecules can be very large, so much so, that it literally makes the sample features grow larger. Beyond this, the contami
nation process changes the very top surface of the original sample to a carbonaceous-like material, which generally leads to 
a significant drop in the secondary electron emission. Both of these phenomena have detrimental effects. First, the sample 
changes its size, which is a critical parameter (especially for IC process control), and second, the smaller electron emis
sion leads to unpredictable results. This is a consequence of the fact that the measurement is reporting results not only on 
the sample but on the sample with an uncharacterized layer of different material on the top of it. For accurate dimensional 
measurements and adequate process control, it is essential to minimize this electron beam induced contamination. 

It is possible to achieve essentially contamination-free SEM operation [10-13]. Figure 14 (left and right) are images taken 
at 15 kV accelerating voltage, and Figure 15 (left and right) are images taken at 1 kV accelerating voltages showing the 
results of a clean operating dimensional metrology SEM. After 10 minutes of continued electron beam bombardment of 
the center portion of the sample, there is no visible contamination; actually sample cleaning is observable, and is especially 
pronounced in the low energy case (Figure 15). The derivation and control of the enhancement of the secondary electron 
signal is an area currently under research. 

Regular monitoring of the contamination performance of the SEM is critical. To separate sample-related and instrument-
related contamination and thus avoid misleading results, it is necessary to have a clean sample, or a sample that can be 
cleaned. It was found that a sample such as RM 8820 or an amorphous Si structures on 2 nm gate oxide on Si substrate 
work well for testing charged particle beam induced contamination. Wet chemical solution and thorough rinsing were 
found to regenerate the cleanliness of the RM when necessary [10 - 13]. 

If the instrument fails the cleanliness test with a known clean sample, the instrument needs cleaning. A low-energy oxygen 
plasma cleaning process has been used successfully [11]. It can very effectively eliminate oily residues from the vacuum 
and from the surfaces within the sample chamber, including the surfaces of the sample stage. It is important to point out that 
the ionized oxygen generated by the plasma cleaner oxidizes many materials, but, advantageously, the process is especially 
effective on hydrocarbon residues. It is recommended that a minimum, but sufficient time and plasma power (5 W to 7 W) 
be employed. Manufacturer recommendations for the operation of the plasma cleaner should be closely followed and the 
application of the plasma cleaning process should also be discussed with the particle beam instrument manufacturer before 
initial use. 

Unnecessary cleaning is not recommended. If the instrument meets the contamination specification, there is no need for 
cleaning. It takes some time to go through the cleaning process, which involves (in one method) leaking in air and keeping 
the sample chamber at around 60 Pa pressure for the time of the plasma cleaning and then pumping it back down. Exces
sive exposure of the sample chamber and sample stage to oxygen plasma might result in undesirable consequences and, as 
stated above, such procedures should always be discussed with the instrument manufacturer prior to use. 
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4.0 Additional Patterns Included on RM 8090 

NIST RM 8820 contains many lithographically printed patterns from a number of sources generated through the SEMAT
ECH AMAG and OMAG cooperation. These patterns are shown and described in the Supplementary Patterns section as 
Appendix 1. Also included on this chip is the AMAG/OMAG pattern set used for printing SRM 2059 and SRM 2089. 
These are to be considered just structures to be used and are not replacements for the SRMs with a similar number identi
fier. The RM 8820 pattern is the only pattern primarily traceable to NIST on this chip. Secondary traceability can be estab
lished by the user using any of the structures. 

5.0 Conclusion 

NIST RM 8820 were developed under the strong collaboration between the NIST and SEMATECH. These standards were 
designed through the cooperation with the SEMATECH AMAG and the OMAG and was fabricated at SEMATECH us
ing current advanced lithography techniques. RM 8820 wwere designed to be as versatile as possible and to utilize all the 
available the real estate on the silicon chip as effi ciently as possible. The numerous test patterns are useful for many dif
ferent instruments and can be used to calibrate the entire suite of microscopes in most laboratories. Advanced lithography 
techniques continue to improve and the next step is a version based upon the AMAG 6 reticle. It is anticipated that this 
artifact will be released in both an RM and an SRM form sometime in the near future. 
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Appendix 1
 

Supplemental Patterns
 

The NIST RM 8820 calibration pattern was described in the previous sections. The Supplemental 
Patterns section describes the numerous additional patterns included on the semiconductor chip in 
addition to the RM 8820 patterns. These patterns can be used for a whole host of purposes including 
as: secondary calibration structures, stage or scan linearity test structures, etc. RM 8820 and these ad
ditional structures can be used to calibrate all microscopes (optical, SEM, AFM, etc.) in a laboratory 
to the same standard. 

Several copies of some of these additional patterns are printed across the chip. They have only been 
described once generally upon their fi rst occurrence. 

Attempts have been made to provide pertinent wide view (low magnification) drawings, as well as, 
complimentary more detailed narrow field (higher magnification) drawings. Because of the limited 
resolution of the transfer process, some of the fi ner detail is unfortunately lost from the drawings. As 
many of the guiding features as possible have been retained in the examples used. In addition, scan
ning electron micrographs are included to aid in clarification of many of the patterns. Please note that 
several copies of some of these additional patterns are printed across the chip. They have only been 
described once, generally upon their fi rst occurrence. 

Please note that these accessory patterns are included as an addition to the RM 8820 pattern and in 
some cases these additional patterns may not have printed correctly. 

Acronyms: 

CAD - Computer Aided Design 
CD - Critical Dimension 
FOV - Field of  View - typically applies to the CAD or GDSII figures 
GDSII - Graphic Database System II 
HFW - Horizontal Field Width - typicall applies to SEM images (see: page 7) 
DCP - Dimensional Control Pattern 

19 



Page left intentionally blank 

20 



Entire RM 8820 Test Pattern
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Plate 1. Entire RM 8820 calibration standard. Low magnification optical micrograph of the NIST 
patterns and the entire array of additional patterns supplied on RM 8820. For descriptive purposes, this 
overall chip has been broken-up into 7 sections. The subsequent pages describe these 7 sections and 
the included patterns within those areas. Many patterns are duplicated across the chip, but they are 
only described once. 

Please note that the horizontal field width of the scanning electron micrographs are noted in the 
alphanumerics of the micrograph and are not in the written description, in all cases. 
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Description of Patterns
 
Section 1
 

Plate 1. Entire RM 8820 calibration standard. Low magnification optical micrograph of the NIST pat
terns and the entire array of additional patterns supplied on RM 8820. For descriptive purposes, this 
overall chip has been broken-up into 7 sections. The subsequent pages describe these 7 sections and 
the included patterns within those areas. Many patterns are duplicated across the chip, but they are 
only described once. 

Please note that the horizontal field width of the scanning electron micrographs are noted in the 
alphanumerics of the micrograph and are not in the written description, in all cases. 

Plate 2. Section 1-0 - Overall. (top) GDS II line drawing of the entire RM 8820 pattern highlight
ing Section 1 with the 8 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of Section 1 showing the 8 additional major sub-patterns included in this section. 

Plate 3 - Pattern 1-1 – Critical Dimension Measurement (CD). (top) GDS II drawing of critical dimen
sion Pattern 1-1 at low magnification. The smaller Pattern 1-2 is also represented in this view. (bottom) 
SEM micrograph of Pattern 1-1 and 1-2 in the same field. Pattern 1-1 is replicated 25 times across the 
chip. (But, these patterns are only described once at the first occurrence noted). 

Explanation: 

CD measurement features. Dimensional Control Patterns (DCP) are useful for critical dimension 
measurement testing in metrology instruments. Each built-in pattern recognition structure includes: 
Lines: 1:1, 2:1 & 3:1; Isolated (Iso) space; Contact Holes 1:1, 2:1, & 4:1. Contact Holes only exist 
in the 80 nm cells and above due to tool limitations. This feature was designed with several impor-
tant factors in mind: a) to maximize robustness of the smallest of the features for ensuring that testing 
would be valid to the smallest possible nodes; b) to ensure a wide variety of feature sizes for linear-
ity testing; c) for extremely simple, intuitive navigation; d) availability of features in both horizontal 
and vertical directions; e) many repetitions across the scanner field, allowing across-fi eld variation 
to be measured if necessary; and f) many redundant, identical copies of the same features to allow for 
repetition of different experiments that involve sample damage by SEM, such as with contamination 
or photoresist shrinkage (the key concept could be described as many “disposable features” within 
each die). 

Pattern 1.1 represents the SEMATECH version of what many in the industry describe as “L-bars”. 
The 5x5 array shown on the left is exactly 250 μm square, and a 4x4 block of these always were placed 
together to make 1 mm square modules at 25 different locations across the field; thus there are 400 
copies of each of the features available on each die.  On the left is a close-up of a 50 μm square cell 
within the 5x5 matrix; note that each is carefully marked with nominal size on reticle, and includes 
vertical and horizontal lines, contact holes, isolated trenches and a few different line/space pitches 
from dense to isolated, and that robust pattern recognition and feature anchors are also available. 
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Plate 4 - Pattern 1-1 – Critical Dimension Measurement (CD). (top) GDS II drawing of critical dimen
sion Pattern 1-1 at a higher field of view.  (bottom) SEM micrograph of a similar area. 

Plate 5 - Pattern 1-1 – Critical Dimension Measurement (CD). (top) GDS II drawing of critical dimen
sion Pattern 1-1 at a higher magnification. (bottom) SEM micrograph of a similar area. 

Plate 6 - Pattern 1-2 – Critical Dimension Measurement (CD). (top) GDS II drawing of critical dimen
sion Pattern 1-2. (bottom) SEM micrograph of a similar area. 

Plate 7 - Pattern 1-2 – Critical Dimension Measurement (CD).(top) GDS II drawing of critical dimen
sion Pattern 1-2 at a higher magnification. (bottom) SEM micrograph of a similar area. 

Plate 8 – Pattern 1-3 – SRM 2059 pattern. (top). GDS II drawing of Pattern 1-3 at low fi eld of view. 
(bottom) SEM of a corner of the pattern. 

Explanation: 

NIST Pattern for SRM 2059. This pattern is a printing of the NIST SRM 2059 photomask optical mi-
croscope linewidth calibration standard. This is not meant to be a replacement to this standard. This 
is an area that combines various line and space scatterometry cells located at the center with the 
metrology structures of the existing SRM 2059 photomask linewidth standard (NIST SRM 2059). This 
area was originally designed by James Potzick of NIST. [see the NIST website for further description] 

Plate 9 - Pattern 1-3 – SRM 2059 pattern. (top) GDS II drawing of Pattern 1-3 at low field of view. 
(bottom) SEM of a similar field of view. 

Plate 10 - Pattern 1-3 – SRM 2059 pattern. (top) GDS II drawing of one of the smaller patterns of 1-3. 
(bottom) SEM of a reduced field of view of some of the calibration features of SRM 2059 showing 
multiple pitch lines. 

Plate 11 – Pattern 1-4 –  Scatterometry Target. (top) GDS II drawing of the 150 μm by 150 μm scat
terometry targets. (bottom) SEM of a similar area of the RM 8820  reference material. 

Explanation: 

Scatterometry Target. The scatterometry target uses the 150 nm 1:1 trenches over different areas. The 
following is a list of the different areas covered by the 140 nm trench: 100x100 μm, 90x90 μm, 80x80 
μm, 70x70 μm, 60x60μm, 50x50 μm, 40x40 μm, 30x30 μm, 20x20 μm, and 10x10 μm. 

Plate 12 - Pattern 1-4 – Scatterometry Target.  (top) GDS II drawing of one of the smaller patterns of 
1-4 at a reduced FOV. (bottom) SEM micrograph of a similar area. 
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Plate 13 – Pattern 1-4 – Scatterometry Target.  (top) GDS II drawing of one of the 150 x 150 μm pat
terns of 1-4 at a reduced FOV. (bottom) SEM micrograph of a similar area. 

Plate 14 – Pattern 1-5 – Line edge roughness. (top) GDS II drawing of Pattern 1-5 at a wide fi eld of 
view. (bottom) SEM Micrograph of a similar area. 

Explanation: 

Line Edge Roughness (LERNIST). NIST designed line space arrays with built in periodic line edge 
roughness (LER). The amplitude and the frequency (wavelength) of the intentional edge roughness 
pattern is varied across a set of parameters. The values noted are the nominal linewidth and rough-
ness periodicity, design values, which after the IC fabrication process changes somewhat. Some of 
the intentional changes fade into the “noise” caused by other characteristic process and material-
dependent effects. For example, depending on the grain size of the polysilicon or properties of the 
photoresist and exposure/develop process, there is an unavoidable random roughness of all lines. 
Some of the lines have intentional edge only on one side, others might have other variations. These 
are depicted with identifi ers and is well visible on SEM images. These are designed in 150 μm square 
pads with 100 μm space, ideal for OCD or CDSAXS experiments on such periodic roughness. Tabs 
are 1/2 of periodicity. 

Series 4 - 6: L100P300: Amp 5-35 (5 nm steps) / Per 110; L150P450: Amp 20, 40, 60 / Per 200 
Series 7: L150P450: Amp 20, 40, 60 / Per 200 
Series 4 has alternating tabs on left/right side of line 
Series 5 has double aligned tabs on left/right side of line 
Series 6 has alternating tabs on left/right side of line; but lines are staggered 
Series 7 has tabs only on one side 

Plate 15 – Pattern 1-5 – Line edge roughness. (top) GDS II drawing of Pattern 1-5 at a smaller fi eld of 
view. (bottom) SEM micrograph of a similar area. 

Plate 16 – Pattern 1-5 – Line edge roughness. (top) Medium magnification SEM image of Pattern 1-5. 
(bottom) Smaller HFW SEM micrograph of a similar area. 

Plate 17 – Pattern 1-6 – Scatterometry Varied. (top) GDS II drawing of Pattern 1-6 at a wide field of 
view. (bottom) SEM micrograph a similar area.. 

Explanation: 

Scatterometry Target. The scatterometry target uses the 150 nm 1:1 trenches over different areas. The 
following is a list of the different areas covered by the 140 nm trench: 100x100 μm, 90x90 μm, 80x80 
μm, 70x70 μm, 60x60μm, 50x50 μm, 40x40 μm, 30x30 μm, 20x20 μm, and 10x10 μm. 

Plate 18 – Pattern 1-6 – Scatterometry Varied. (top) GDS II drawing of Pattern 1-6 at a wide field of 
view. (bottom) SEM micrograph a similar area of  Pattern 1-6. 
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Plate 19 – Pattern 1-6 – Scatterometry Varied. (top) GDS II drawing of Pattern 1-6 at a wide field of 
view. (bottom) SEM micrograph a similar area of  Pattern 1-6. 

Plate 20 – Pattern 1-6 – Scatterometry Varied. (top) Higher magnification SEM micrograph of Pattern 
1-6 at a low horizontal field width. (bottom) SEM micrograph a similar area of Pattern 1-6 at an even 
higher magnification and horizontal field of view. 

Plate 21 – Pattern 1-7 - Via Pad Variation. (top) GDS II drawing of Pattern 1-7 at a wide field of view. 
(bottom) SEM Micrograph of a similar area. 

Explanation: 

Via Pad Varied Corner Radius. This module contains 150x150 μm blocks of vias that vary based on 
corner rounding. The following sizes indicate the rounded corner radius 5, 10, 15, 20, 25, 30, 35 nm; 
the pad dimensions are: 100x150 μm, Pitch: X: 200 μm, Y: 300 μm. 

Plate 22 – Pattern 1-7 - Via Pad Variation. (top) GDS II drawing of Pattern 1-7 at a wide field of view. 
(bottom) SEM Micrograph of a similar area. 

Plate 23 – Pattern 1-7 - Via Pad Variation. (top) SEM micrograph taken of 10 nm corner radius pattern 
and (bottom) SEM micrograph of 5 nm of corner radius pattern. 

Plate 24 – Pattern 1-8 – RM 8090. (top) GDS II drawing of Pattern 1-8 at a wide FOV. (bottom) GDS 
II drawing of one of the smaller Patterns of 1-8 at a smaller FOV. 

[The RM 8820 patterns found adjacent to this have been discussed earlier] 

Explanation: 

NIST pattern for NIST RM 8090.  Several RM 8090 structures were added to the RM 8820 reticle. 
Within this section there are two RM 8090 structures, regardless of size, one is completely phase 
shifted and the other is not. In the NIST quad section, there are six RM 8090 structures, two are stand-
ard phase shift modules, but one is grounded, and the other four are 1/4 the size of the original. Two 
of the 1/4 size are line/space modules and two are trench modules; one of the line/space modules is 
grounded. [The original RM 8090 pattern was originally designed by Michael Postek and Andras 
Vladar and its history is described earlier in the text.] 

Plate 25 – Pattern 1-8 – RM 8090/2090. SEM images of Pattern 1-8 at a wide FOV. (bottom) and one 
of the smaller Patterns of 1-8 at smaller FOV. 
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Section 2
 

Plate 26. Section 2-0 Overall. (top) GDS II line drawing of the entire RM 8820 pattern highlight
ing Section 2 with the 6 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of Section 2 showing the 6 additional major sub-patterns included in this section. 

Plate 27 - Pattern 2-1 – Multiple Gap Lines Positive. (top) GDS II drawing of Pattern 2-1 at a wide 
FOV. (bottom) SEM micrograph of a similar area. 

Plate 28 - Pattern 2-1 – Multiple Gap Lines Positive. (top) GDS II drawing of Pattern 2-1 at reduced 
FOV. (bottom) SEM micrograph of a similar area. 

Plate 29 - Pattern 2-1 – Multiple Gap Lines Positive. (top and bottom) SEM Micrographs of Pattern 
2-1 at two different horizontal fields of view. 

Plate 30 - Pattern 2-2 – Multiple Gap Lines Negative. (top) GDS II drawing of the interface between 
the positive 2-1 pattern (left side) and the negative 2-2 pattern at a wide FOV. (bottom) SEM image 
of Pattern 2-2 at reduced HFW. 

Plate 31 - Pattern 2-2 – Multiple Gap Lines Negative. (top) GDS II drawing of the negative 2-2 pattern 
at a narrower FOV. (bottom) SEM image of Pattern 2-2 at a comparable HFW. 

Plate 32 - Patterns 2-3, 2-4, 2-5 and 2-6 – Multiple Size Square Structures Section. (top) Wide FOV of 
GDS II drawing of Patterns 2-3, 2-4 and 2-5. Pattern 2-6 edge is at the extreme right part of the FOV. 
(bottom) GDS II drawing of Pattern 2-3 and a portion of Pattern 2-4 at reduced FOV. Pattern 2-3 has 
nominally 10 μm square structures and Pattern 2-4 has nominally 5 μm square structures. 

Plate 33 - Pattern 2-3 - Multiple Size Square Structures Section. (top) Reduced FOV view of GDS II 
drawing of Pattern 2-3 showing the nominal 10 μm structures. (bottom) SEM micrograph of Pattern 
2-3. 

Plate 34 - Pattern 2-3 - Multiple Size Square Structures Section. (top, bottom) SEM Micrographs of 
Pattern 2-3 showing the nominal 10 μm structures. 

Plate 35 - Pattern 2-4 - Multiple Size Square Structures Section. (top) Reduced FOV view of GDS II 
drawing of Pattern 2-4 showing the nominal 5 μm structures. (bottom) SEM micrograph of Pattern 
2-4. 

Plate 36 - Pattern 2-4, Multiple Size Square Structures Section. (top, bottom) SEM micrographs of 
Pattern 2-4 showing the nominal 5 μm structures. 

Plate 37 - Pattern 2-5, Multiple Size Square Structures Section. (top) Reduced FOV view of GDS II 
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drawing of Pattern 2-5 showing the nominal 1μm structures. (bottom) SEM micrograph of Pattern 
2-5. 

Plate 38 - Pattern 2-6 - Multiple Size Square Structures Section. (top) Reduced FOV view of GDS II 
drawing of Pattern 2-6 showing the nominal 0.5 μm. (bottom) SEM micrograph of Pattern 2-6. 

Plate 39 - Section 3-0 Overall. (top) GDS II line drawing of the entire RM 8820 pattern highlighting 
Section 3 with the three additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of Section 3 showing the three additional major sub-patterns. Pattern 3-1 the Global Align
ment Test Pattern is large enough to be included in the wide FOV. Pattern 3-1 is the global alignment 
test pattern (described below). 

Explanation: 

Global Alignment Test Patterns. This module is an array of optical global alignment patterns. There 
are 180 μm dense line symbols and solid polysilicon symbols. There are 5 different cells within the 
Optical GAP module. The cells are based on the following symbol sizes: 45μm, 90 μm, 180 μm, 270 
μm, 540 μm. In this module the dense line symbols appear black. 

Plate 40 - Pattern 3-1 Global Alignment Test Pattern. (top, bottom) SEM Micrographs of a portion of 
the Global Alignment Test Pattern section. 

Plate 41 - Pattern 3-2 – Cleave lines. (top) GDS II drawing of the cleave lines pattern at wide FOV. The 
large gaps delimiting the different size and ratio of the lines are apparent in the image. (bottom) SEM 
micrograph of the cleave lines at a low FOV. The length of these lines is nominally 4 mm. 

Explanation: 

Line/space Cleave. This large set of patterns and large area in size was designed for general line-
space measurements and process control purposes and specifically for cleaving for cross-sectional 
SEM. With their 4 mm long line length, these structures are easily cleavable making it feasible to make 
top-down and cross-sectional measurements at the same locations. Various pattern recognition marks 
are also included to allow for navigation of any tool under test and of the cross-section SEM cleave 
line if using a micro-cleaver. All the main nominal CD sizes in other marks are represented, with sev-
eral different pitch ratios and also an isolated line and isolated space of these nominal dimensions. 
This module includes both horizontal and vertical versions. 

Plate 42. Pattern 3-2 – Cleave lines. (top) GDS II drawing of the cleave lines pattern at smaller FOV. 
The large gaps delimiting the different size and ratio of the lines are apparent in the image. (bottom) 
SEM micrograph of the cleave lines at a small FOV. The length of these lines is nominally 4 mm. 

Plate 43 - Pattern 3-3 – Cleave contacts. (top) GDS II drawing of the cleave contacts pattern at wide 
FOV. The large gaps delimiting the different size and ratio of the contact holes are apparent in the im
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age. (bottom) SEM micrograph of Pattern 3-3 at wide HFW. The length of these arrays is nominally 
4 mm. 

Plate 44 - Patterns 3-3 – Cleave contacts. (top) Reduced FOV view of GDS II drawing of Pattern 3-3 
showing the nominal 250 nm contact hole structures with a nominal 1:1 spacing ratio. (bottom, left) 
SEM micrograph of a similar area. (bottom, right ) SEM micrographs at a reduced FOV. 

Plate 45 - Patterns 3-3 – Cleave contacts. (top) Reduced FOV view of GDS II drawing of Pattern 3-3 
showing the nominal 250 nm contact hole structures with a nominal 1:1 spacing ratio. (bottom) SEM 
micrograph of a similar area. 

Plate 46 - Patterns 3-3 – Cleave contacts. Reduced FOV view of GDS II drawing of Pattern 3-3 show
ing the nominal 0.25 μm contact hole structures with a nominal 2:1 spacing ratio. (bottom,) SEM 
micrograph of a similar area. 

Plate 47 - Patterns 3-3 – Cleave contacts. (top) Reduced FOV view of GDS II drawing of Pattern 3-3 
showing the nominal 0.25 μm contact hole structures with a nominal 3:1 spacing ratio. (bottom) SEM 
of a similar area. 

Plate 48 - Patterns 3-3 – Cleave contacts. (top) Reduced FOV view of GDS II drawing of Pattern 3-3 
showing the nominal 0.25 μm contact hole structures with a nominal 5:1 spacing ratio. (bottom) SEM 
of a similar area. 

Section 4 
Plate 49 - Section 4-0 overall. (top) GDS II line drawing of the entire RM 8820 pattern highlight
ing Section 4 with the 4 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of section 4 showing the 4 additional major sub-patterns included in this section. 

Plate 50 - Pattern 4-1 – Scatterometry lines. (top) GDS II drawing of the scatterometry lines Pattern 
4-1 at wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 51 - Pattern 4-1 – Scatterometry Lines. (top) GDS II drawing of Pattern 4-1 at a smaller FOV 
showing some of the detail of the fine patterns. (bottom) SEM micrograph of a similar area. 

Plate 52 - Pattern 4-1 – Scatterometry Lines. (top) GDS II drawing of the scatterometry lines Pattern 
4-1 at smaller FOV showing the variety of line size and line pitches available. (bottom) SEM micro
graph of a similar area. 

Plate 53 - Pattern 4-1 – Scatterometry Lines. (top) GDS II drawing of Pattern 4-1 at a smaller FOV 
showing some of the detail of the 250 nm lines and 750 nm pitch spacing pattern. (bottom) SEM mi
crograph of a similar area. 
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Plate 54 - Pattern 4-2 – Scatterometry 2 Series Cells. (top) GDS II drawing of the scatterometry lines 
Pattern 4-2 at wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 55 - Pattern 4-2 – Scatterometry 2 series cells. (top) GDS II drawing of Pattern 4-2 at a smaller 
FOV showing some of the detail of the fine patterns. (bottom) SEM micrograph of a similar area. 

Plate 56 - Pattern 4-2 – Scatterometry 2 Series Cells. (top) GDS II drawing of the scatterometry lines 
Pattern 4-2 at smaller FOV showing the variety of line size and line pitches available. (bottom) SEM 
micrograph of a similar area. 

Plate 57 - Pattern 4-2 – Scatterometry 2 Series Cells. (top) GDS II drawing of the scatterometry lines 
Pattern 4-2 at smaller FOV showing the variety of line size and line pitches available. (bottom) SEM 
micrograph of a similar area. 

Plate 58 - Pattern 4-3 and 4-4 – Scatterometry Lines and Trenches. (top) GDS II drawing of the scat
terometry lines and trenches of Patterns 4-3 and 4-4 at wide FOV. (bottom) SEM micrograph of a 
similar area. 

Plate 59 - Pattern 4-3 - Scatterometry Lines. (top) GDS II drawing of Pattern 4-3 at a smaller FOV 
showing some of the detail of the fine patterns. (bottom) SEM micrograph of several of the test pat
terns. 

Plate 60 - Pattern 4-3 - Scatterometry Lines. (top) GDS II drawing of Pattern 4-3 at a smaller FOV 
showing some of the detail of the fine patterns. (bottom) SEM micrograph of the L250; P1500 pattern. 

Plate 61 - Pattern 4-4 - Scatterometry Trenches. (top) GDS II drawing of Pattern 4-4 showing some of 
the detail of the fine patterns. (bottom) SEM micrograph of a similar area of the pattern. 

Plate 62 - Pattern 4-4 - Scatterometry Trenches. (top) GDS II drawing of Pattern 4-4 at a smaller FOV 
showing some of the detail of the fine patterns. (bottom) SEM micrograph of the L250; P 750 pattern. 

Section 5 
Plate 63. Section 5-0 - Overall. (top) GDS II line drawing of the entire RM 8820 pattern highlighting 
Section 5 with the 10 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of Section 5 showing the 10 additional major sub-patterns included in this section. 

Plate 64 - Pattern 5-1 – Holes. (top) GDS II drawing of the contact holes Pattern 5-1 at wide FOV. 
(bottom) SEM micrograph of a similar area. 

Plate 65 - Pattern 5-1 – Contact Holes. (top) GDS II drawing of the contact holes Pattern 5-1 a smaller 
FOV showing some of the detail of the fine patterns. (bottom) SEM micrograph of a similar area. 
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Plate 66 - Pattern 5-1 – Contact Holes. (top) GDS II drawing of Pattern 5-1 at a reduced FOV showing 
some of the detail of the fine pattern with a nominal 250 nm contact holes and 880 nm pitch. (bottom) 
SEM micrograph of a similar area. 

Plate 67 - Pattern 5-1 – Contact Holes. (top) SEM micrograph of contact hole pattern of the contact 
holes Pattern 5-1 at wide FOV. (bottom) SEM micrograph of a smaller FOV showing some of the de
tail of the fine details of Pattern 5-1. 

Plate 68 - Pattern 5-2 – Scatterometry 2 Series Cells. GDS II drawing of the scatterometry lines Pattern 
5-2 at wide FOV. 

Plate 69 - Pattern 5-2 – Scatterometry 2 Series Cells. (top) GDS II drawing of the scatterometry lines 
Pattern 5-2 at wide FOV. (bottom) GDS II drawing of Pattern 5-2 at a reduced FOV showing some of 
the fine detail of a pattern with 19:1 ratio. 

Plate 70 - Pattern 5-2 – Scatterometry 2 Series Cells. (top) SEM micrograph of Pattern 5-2 at wide 
HFW. (bottom) SEM micrograph of Pattern 5-2 at a reduced HFW showing some of the fine detail of 
a pattern with 19:1 ratio. 

Plate 71 - Patterns 5-3, 5-4, and 5-5 – Scatterometry. GDS II drawing of the scatterometry lines Pattern 
5-3, 5-4, 5-5 and 5-6 at wide FOV. 

Plate 72 - Pattern 5-3 – Scatterometry trenches. GDS II drawing of the scatterometry trenches Pattern 
5-3 at wide FOV. 

Plate 73 - Pattern 5-3 – Scatterometry trenches. (top) SEM micrograph of Pattern 5-3 at wide FOV 
(bottom) SEM micrograph of Pattern 5-3 at a smaller HFW showing some of the detail of the fi ne pat
terns. 

Plate 74 - Pattern 5-3 – Scatterometry trenches. (top) SEM micrograph of Pattern 5-3 at wide FOV 
(bottom) SEM micrograph of Pattern 5-3 at a smaller HFW showing some of the detail of the fi ne pat
terns. 

Plate 75 - Pattern 5-4 – Scatterometry lines. GDS II drawing of the scatterometry lines Pattern 5-3 at 
wide FOV. 

Plate 76 - Pattern 5-4 – Scatterometry lines (top) GDS II drawing of the scatterometry lines Pattern 5-4 
at wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 77 - Pattern 5-4 – Scatterometry lines (top) GDS II drawing of the scatterometry lines Pattern 5-4 
at wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 78 - Pattern 5-5 – Scatterometry lines. GDS II drawing of the scatterometry lines Pattern 5-3 at 
wide FOV. 
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Plate 79 - Pattern 5-5 – Scatterometry lines (top) GDS II drawing of the scatterometry lines Pattern 5-5 
at wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 80 - Pattern 5-5 – Scatterometry lines (top) GDS II drawing of the scatterometry lines Pattern 5-5 
at wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 81 - Patterns 5-6, 5 - 7 and 5 - 8 – Line Edge Roughness. (top) GDS II line drawing of the line 
edge roughness patterns. (bottom) SEM micrograph of a similar area. 

Explanation: 

Line Edge Roughness (LERBEN). The module contains 20 μm long lines with various assist features 
for printing intentional periodic roughness artifacts similar to above. Amplitude: 10 nm to 100 nm 
(in 10 nm steps), 120 nm, and 150 nm. The periodicity is: 50 to 260 (10 nm steps), 280 to 340 (20 nm 
steps), 370, 400, 450, 500; the tabs are 1/3 of the periodicity. These additional LER patterns were de-
signed by Benjamin Bunday of SEMATECH. The different amplitudes and periodicities and widths of 
the carrier lines are shown, with different styles of assist features, and each module is repeated 4 times 
for giving redundancy in cases of resist shrinkage. 

Plate 82 - Pattern 5-6 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
patterns of Pattern 5 - 6. (bottom) SEM of a similar area of the 140 nm LER structure 

Plate 83 - Pattern 5-6 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
patterns of Pattern 5 - 6 showing compound square wave roughness. (bottom) SEM of a similar area 
of the LER structure. 

Plate 84 - Pattern 5-7 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
patterns of Pattern 5 - 7 showing the of the four line square wave periodicity. (bottom) SEM of a simi
lar area of the structure. 

Plate 85 - Pattern 5-7 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
patterns of Pattern 5 - 7 showing the centered assist and diagonal modules. (bottom) SEM of a similar 
area of the structure. 

Plate 86 - Pattern 5-8 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
at reduced FOV of the four line square wave periodicity. (bottom) SEM micrograph of a similar area. 

Plate 87 - Pattern 5-8 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
at reduced FOV of the four line square wave periodicity. (bottom) SEM micrograph of a similar area. 

Plate 88 - Pattern 5 - 8 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
at reduced FOV of the four line square wave periodicity. (bottom) SEM micrograph of a similar area. 

Plate 89 - Pattern 5 - 9 - SEM Pattern Recognition. (top) GDS II line drawing of the SEM Pattern Rec
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ognition module at a wide FOV. (bottom) SEM micrograph of a similar area. 

Explanation: 

SEM Pattern Recognition. This module is an array of: 1) pattern recognition symbols of various 
sizes with and without dummy fill. The symbol sizes are varied and are filled with 180 nm line/spaces 
and in vertical and horizontal directions, others are solid and some are filled with 180 nm contact 
holes. 

Plate 90 - Pattern 5 - 9 - SEM Pattern Recognition. (top) GDS II line drawing of the SEM Pattern Rec
ognition module at a reduced FOV. (bottom) SEM micrograph of a similar area. 

Plate 91 - Pattern 5 - 9 - SEM Pattern Recognition. (top) SEM Micrograph of the SEM Pattern Recog
nition module at an HFW of (top) 159 μm and (bottom) 84.7 μm. 

Plate 92 - Pattern 5-10 - Line End. (top) GDS II line drawing of the line end pullback and line end pull 
back links patterns a wide FOV. (bottom) SEM micrograph of a similar area. 

Explanation: 

LineEnd. These modules are designed to show effects of line end shortening and enable reliable meas-
urement of this unavoidable consequence of sub-wavelength lithography. There are two types of line 
end shortening structures: 1) horizontal/vertical block pattern, 2) horizontal link pattern. OPC is 
added to the last cell in both types as indicated; 15 nm is added to each side on the block pattern and 
10 nm is added to each side of the link pattern. Block size/space: 150 nm width 150 nm space, 160 nm 
width 150 nm space, 150 nm width 200 nm space, 160 nm width 200 nm space 150 nm width 200 nm 
space with Optical proximity correction (OPC). These are in gratings large enough to be used with 
Optical Critical Dimension (OCD). 

LineEnd shortening. There are two types of line end shortening structures: 1) horizontal/vertical block 
pattern and 2) horizontal link pattern. OPC is added to the last cell in both types as indicated; 15 nm 
is added to each side on the block pattern and 10 nm is added to each side of the link pattern. Block 
size/space: 150 nm width 150 nm space,160 nm width 150 nm space, 150 nm linewidth 200 nm space, 
160 nm width 200 nm space 150 nm width 200 nm space with OPC. 

Plate 93 - Pattern 5-10 - Line End Pullback. (top) GDS II line drawing of the line end pullback and line 
end pull back links patterns a wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 94 - Pattern 5 - 10 – Line End Pullback. SEM Micrographs of the 150 nm (top) and 160 nm (bot
tom) lines. 
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Section 6
 

Plate 95 - Section 6-0 Overall. (top) GDS II line drawing of the entire RM 8820 pattern highlight
ing Section 6 with the 9 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of section 6 showing the 9 additional major sub-patterns included in this section. Pattern 6-1 
is also seen in the center of this module. 

Plate 96 - Patterns 6-2, 6-3 and 6-4. Wide FOV of GDS II line drawing of Patterns 6-2 (SEM overlay), 
6-3 (scatterometry) and 6-4 (array target) at a wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 97 - Pattern 6-2 - SEM Overlay. GDS II drawing of Pattern 6-2 at a smaller FOV showing some 
of the detail of the fine patterns. There are several line groups with different design rules and different 
built-in offsets of the center line for testing SEM overlay measurement capabilities. 

Explanation: 

There are several line groups with different design rules and different built-in offsets of the center line 
for testing SEM overlay measurement capabilities. 

SEM Overlay. The SEM overlay structures were designed with multiple groups of three lines. The 
groups are placed both horizontally and vertically in the module. CDs are 100 nm, 140 nm, 200 nm, 
250 nm, 300 nm. The inner line is offset by the following steps in the X and Y direction:-150 nm, -100 
nm, -50 nm, -20 nm, 0 nm, 20 nm, 50 nm, 100 nm, 150 nm. All polarities were used for the SEM Over-
lay structures. 

Plate 98 - Pattern 6-3 - Array Target. (top) GDS II line drawing of the array target module at a 
wide FOV.  (bottom) SEM micrograph of a similar area. 

Explanation: 

Array Target. The array target is composed of two types of modules. Module 1 has four lines with three 
spaces and the Module 2 has 10 lines and 9 spaces. The critical dimensions (CDs) are 100 nm, 150 
nm, 250 nm, 300 nm and 350 nm. The pitch starts at 1:1 and then is spaced as follows: 100 nm, 150 
nm, 200 nm, 250 nm, 300 nm, 350 nm, 400 nm, 450 nm, 500 nm, 1000 nm, 2000 nm. Therefore, the 
200 nm line would start as a 1:1 and increase in spacing following the above spacing requirements. 

Plate 99 - Pattern 6-3 - Array Target. (top) GDS II line drawing of the array target module at a 
wide FOV.  (bottom) SEM micrograph of a similar area. 

Plate 100 - Pattern 6-3 - Array Target.  SEM micrograph of a segment of the Array Target pattern. 

Plate 101 - Pattern 6-4 - Scatterometry 140 Module. (top) GDS II line drawing of the scatterometry 
140 module module at a wide FOV. (bottom left and right) GDS II drawing of a reduced FOV of some 
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of the fine detail of the patterns. 

Plate 102 - Pattern 6-4 - Scatterometry 140 Module. (top) SEM micrograph of the 100 x 100 array at 
low HFW (bottom) SEM micrograph of higher HFW showing the individual lines. 

Plate 103 - Pattern 6-5 - NIST proposed AFM step height  pattern (top) GDS II line drawing of a 
portion of ta proposed NIST pattern for a step height standard module at a wide FOV. (bottom) SEM 
micrograph of the NIST pattern  module showing the fine structure in the center. 

Explanation: 

NIST (proposed) Step Height Prototype Pattern.  This pattern is designed to accommodate issues spe-
cific to AFMs. The large direction pattern surrounding the critical dimension target is to make locating 
the target easier for AFMs with limited navigation and pattern recognition capability. The large target 
and pitch size is for assessing large field of view scanning. (Designed by Ronald Dixson of NIST). 

Plate 104 - Pattern 6-5 - NIST (proposed) AFM Step Height  Pattern. (top) GDS II line drawing of a 
portion of the NIST prototype pattern for step height standard module at a wide FOV. (bottom) SEM 
micrograph of the NIST pattern module showing the fine structure in the center. 

Plate 105. Pattern 6-5 NIST (proposed) AFM Step Height Pattern.  SEM micrograph of the center of 
the NIST pattern module showing the fi ne structure. 

Plate 106 - Pattern 6-6 - High Resolution Overlay. (top) GDS II line drawing of the high resolution 
overlay targets module Pattern 6-8 and 6-9 at a wide FOV. (bottom) SEM micrograph of a similar area. 

Explanation: 

High Resolution Overlay Targets. The High  Resolution Module is made of several 20 x 20 microm-
eter boxes of line/trench modules. CDs are 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm,500 nm. 
The space widths are  500 nm, 1000 nm, 2000 nm, 3000 nm, 4000 nm, 5000 nm. There are three cells 
for each CD/space: the first cell has a 30 % offset in the positive X axis, the second cell has a 30 % 
offset in the positive Y axis, and the third cell has no offset but is 180 degrees out of phase. Because 
this pattern was originally intended for an overlay reticle set, only a single level target is displayed. 

Plate 107 - Pattern 6-6 - High Resolution Overlay. (top) GDS II line drawing of the high resolution 
overlay targets module Pattern 6-6 at a wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 108 - Pattern 6-6 - High Resolution Overlay. (top) GDS II line drawing of the high resolution 
overlay targets module Pattern 6-6 at a wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 109 - Pattern 6-6 - High Resolution Overlay. (top and bottom) SEM micrographs of the overlay 
patterns at higher HFW. 
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Plate 110 - Pattern 6-6 - High Resolution Overlay. (top) GDS II line drawing of the high resolution 
overlay targets module Pattern 6-6 at a wide FOV. (bottom) SEM micrograph of a similar area. 

Plate 111 - Pattern 6-7 - Scatterometry Field Size. (top) Reduced field GDS II line drawing of several 
of the scatterometry targets found on Pattern 6-7 at a reduced FOV. (bottom) SEM micrograph of a 
similar area. 

Plate 112 -  Pattern 6-7 - Scatterometry Field Size. (top) Reduced field GDS II line drawing of several 
of the scatterometry targets found on Pattern 6-7 at a reduced FOV. (bottom) SEM micrograph of a 
similar area. 

Section 7 
Plate 113 - Section 7-0 Overall. (top) GDS II line drawing of the entire RM 2089 pattern highlight
ing Section 7 with the 6 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of section 7 showing the 6 additional major sub-patterns included in this section. Pattern 7-1 
is also seen in the center of this module. 

Plate 114 - Patterns 7-1 and 7-2. Wide FOV of GDS II line drawing of Patterns 7-1 (Fill module) and 
7-2 (Cleave lines) at wide FOV. 

Plate 115 - Patterns 7-1  - Fill module. (top) Wide FOV of GDS II line drawing of patterns 7-1  fill 
module. (below). SEM micrograph of a similar area. 

Explanation: 

Fill Module. Each module contains 13 sub modules as shown in Pattern 7-1. In each sub module 
there is dummy fill surrounding 9 targets. There are four different types of targets but in each module 
only one type is used. The fi rst module contains line in dense line targets, the second module contains 
box in box targets, the third module contains 0.5 μm trench in trench targets, and the fourth module 
contains 1 μm frame in frame targets. The targets remain the same in each module while the dummy 
fill expands away from each overlay target. The fill remains a constant. 100 μm away for the outer 
centered targets, the fill then varies from sub module to sub module. Sub modules go from left to right, 
top to bottom. One thing to note is that because this cell was originally intended for an overlay reticle 
set, you will only see a single level target. 

Plate 116 - Patterns 7-1 - Fill module. (top) Low HFW SEM micrograph of the fill module. (bottom) 
Higher HFW micrograph of a one of the cells. 

Plate 117 - Patterns 7-1 - Fill module. (top) Low HFW SEM micrograph of the fill module. (bottom) 
Higher HFW micrograph of a one of the cells. 
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Plate 118 - Pattern 7-2 - Cleave Lines. (top) Reduced FOV GDS II line drawings of several of the 
horizontal cleave line targets found on Pattern 7-2. (bottom) SEM micrograph of a similar area. 

Plate 119 - Pattern 7-2 - Cleave Lines. (top) Higher FOV GDS II line drawing of several of the hori
zontal cleave line targets found on Pattern 7-2. (bottom) SEM micrograph of a similar area. 

Plate 120 - Pattern 7-3 - Multisize Scatterometry. (top) Wide FOV GDS II line drawing of several of 
the horizontal multisize scatterometry line targets found on Pattern 7-3. (bottom) SEM micrograph of 
a similar area. 

Plate 121 - Pattern 7-3 - Scatterometry Defect. (top) Wide FOV GDS II line drawing of Pattern 7-3. 
(bottom) SEM micrograph of a similar area. 

Plate 122 - Pattern 7-3 - Scatterometry Defect. (top) Low HFW SEM micrograph.of pattern 7-3. (bot
tom) Higher HFW SEM micrograph of a similar area. 

Plate 123 - Pattern 7-4 - Scatterometry Defect. (top) Wide FOV GDS II line drawing of Pattern 7-4. 
(bottom) SEM micrograph of a similar area. 

Plate 124 - Pattern 7-4 - Scatterometry Defect. (top) Low HFW SEM micrograph of Pattern 7-4.  (bot
tom) Higher HFW SEM micrograph of the finer detail of the patterns. 

Plate 125 - Pattern 7-5 - Phase Imbalance. (top) Wide FOV GDS II line drawing of the phase imbal
ance pattern. (bottom) SEM micrograph of a similar area. 

Plate 126 - Pattern 7-5 - Phase Imbalance. (top) Wide FOV GDS II line drawing of the phase imbal
ance pattern. (bottom) SEM micrographs of a similar area. 

Plate 127 - Pattern 7-5 - Phase Imbalance. (top) Higher HFW SEM micrographs of Pattern 7-5. (bot
tom) Higher HFW of one of the phase imbalance patterns. 

Plate 128 - Pattern 7-6 - Multiple Scatter Lines. (top) Wide FOV GDS II line drawing of several of the 
multiple scatter lines targets found on Pattern 7-6. (bottom) SEM micrograph of a similar area. 

Plate 129 - Pattern 7-6 - Multiple Scatter Lines. (top) Wide FOV GDS II line drawing of L100P295 
pattern found on Pattern 7-6. (bottom) SEM micrograph of a similar area. 

Plate 130 - Pattern 7-6 - Multiple Scatter Lines. SEM micrograph at a smaller HFW of the lines found 
on Pattern 7-6. 
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Plate 2. Section 1-0 - Overall. (top) GDS II line drawing of the entire RM 8820 pattern highlight
ing Section 1 with the 8 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of Section 1 showing the 8 additional major sub-patterns included in this section. 
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Plate 2 - RM 8820 Section 1 41 



 

  

 

Plate 3 - Pattern 1-1 – Critical Dimension Measurement (CD). (top) GDS II drawing of critical 
dimension Pattern 1-1 at low magnification. The smaller Pattern 1-2 is also represented in this view. 
(bottom) SEM micrograph of Pattern 1-1 and 1-2 in the same field. Pattern 1-1 is replicated 25 times 
across the chip. (But, these patterns are only once at their fi rst occurrence). 

Explanation: 

CD measurement features. Dimensional Control Patterns (DCP) are useful for critical dimension 
measurement testing in metrology instruments. Each built-in pattern recognition structure includes: 
Lines: 1:1, 2:1 & 3:1; Isolated (Iso) space; Contact Holes 1:1, 2:1, & 4:1. Contact Holes only exist in 
the 80 nm cells and above due to tool limitations. This feature was designed with several important 
factors in mind: a) to maximize robustness of the smallest of the features for ensuring that testing 
would be valid to the smallest possible nodes; b) to ensure a wide variety of feature sizes for linearity 
testing; c) for extremely simple, intuitive navigation; d) availability of features in both horizontal and 
vertical directions; e) many repetitions across the scanner field, allowing across-field variation to be 
measured if necessary; and f) many redundant, identical copies of the same features to allow for repeti
tion of different experiments that involve sample damage by SEM, such as with contamination or pho
toresist shrinkage (the key concept could be described as many “disposable features” within each die). 

Pattern 1.1 represents the SEMATECH version of what many in the industry describe as “L-bars”.  The 
5x5 array shown on the left is exactly 250 μm square, and a 4x4 block of these always were placed to
gether to make 1 mm square modules at 25 different locations across the field; thus there are 400 copies 
of each of the features available on each die. On the left is a close-up of a 50 μm square cell within the 
5x5 matrix; note that each is carefully marked with nominal size on reticle, and includes vertical and 
horizontal lines, contact holes, isolated trenches and a few different line/space pitches from dense to 
isolated, and that robust pattern recognition and feature anchors are also available. 
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Plate 3 - Patterns 1-1 and 1-2 – Critical Dimension Measurement (CD) 43 



 
Plate 4 - Pattern 1-1 – Critical Dimension Measurement (CD). (top) GDS II drawing of critical 
dimension Pattern 1-1 at a higher magnification. (bottom) SEM micrograph of a similar area. 
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Plate 4 - Pattern 1-1 – Critical Dimension Measurement (CD) 45 



 
Plate 5 - Pattern 1-1 – Critical Dimension Measurement (CD). (top) GDS II drawing of criti
cal dimension Pattern 1-1 at a higher magnification. (bottom) SEM micrograph of a similar area. 
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Plate 5 - Pattern 1-1 – Critical Dimension Measurement (CD) 47 



Plate 6 - Pattern 1-2 – Critical Dimension Measurement (CD). (top) GDS II drawing of critical 
dimension Pattern 1-2. (bottom) SEM micrograph of a similar area. 
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Plate 6 - Pattern 1-2 – Critical Dimension Measurement (CD) 49 



 
Plate 7 - Pattern 1-2 – Critical Dimension Measurement (CD).(top) GDS II drawing of critical 
dimension Pattern 1-2 at a higher magnification. (bottom) SEM micrograph of a similar area. 
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Plate 7 - Pattern 1-2 – Critical Dimension Measurement (CD). 51 



 Plate 8 – Pattern 1-3 – SRM 2059 pattern. (top) GDS II drawing of Pattern 1-3 at low field of view. 
(bottom) SEM of a corner of the pattern. 

Explanation: 

NIST Pattern for SRM 2059. This pattern is a printing of the NIST SRM 2059 photomask optical 
microscope linewidth calibration standard. This is not meant to be a replacement to this standard. This 
is an area that combines various line and space scatterometry cells located at the center with the me
trology structures of the existing SRM 2059 photomask linewidth standard (NIST SRM 2059). This 
area was originally designed by James Potzick of NIST. [see the NIST website for further description] 
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Plate 8 – Pattern 1-3 – SRM 2059 pattern 53 



 
 

Plate 9 - Pattern 1-3 – SRM 2059 pattern. (top) GDS II drawing of Pattern 1-3 at low field of view. 
(Bottom) SEM of a similar field of view. 
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Plate 9– Pattern 1-3 – SRM 2059 pattern 55 



 
Plate 10 - Pattern 1-3 – SRM 2059 pattern. (top) GDS II drawing of one of the smaller patterns of 
1-3. (bottom) SEM of a reduced field of view of some of the calibration features of SRM 2059 showing 
multiple pitch lines. 
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Plate 10 – Pattern 1-3 – SRM 2059 pattern 57 



 

Plate 11 – Pattern 1-4 –  Scatterometry Target. (top) GDS II drawing of the 150 μm by 150 μm scat
terometry targets. (bottom) SEM of a similar area of the RM8820  reference material. 

Explanation: 

Scatterometry Target. The scatterometry target uses the 150 nm 1:1 trenches over different areas. 
The following is a list of the different areas covered by the 140 nm trench: 100x100 μm, 90x90 μm, 
80x80 μm, 70x70 μm, 60x60μm, 50x50 μm, 40x40 μm, 30x30 μm, 20x20 μm, and 10x10 μm. 
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Plate 11 – Pattern 1-4 –  Scatterometry Target 59 



Plate 12 - Pattern 1-4 – Scatterometry Target. (top) GDS II drawing of one of the smaller patterns 
of 1-4 at a reduced FOV. (bottom) SEM micrograph of a similar area. 
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Plate 12 - Pattern 1-4 – Scatterometry Target 61 



Plate 13 – Pattern 1-4 – Scatterometry Target. (top) GDS II drawing of one of the 150 x 150 μm 
patterns of 1-4 at a reduced FOV. (bottom) SEM micrograph of a similar area. 
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Plate 13 – Pattern 1-4 – Scatterometry Target 63 



 

Plate 14 – Pattern 1-5 – Line edge roughness. (top) GDS II drawing of Pattern 1-5 at a wide fi eld of 
view. (bottom) SEM Micrograph of a similar area. 

Explanation: 

Line Edge Roughness (LERNIST). NIST designed line space arrays with built in periodic line edge 
roughness (LER). The amplitude and the frequency (wavelength) of the intentional edge roughness 
pattern is varied across a set of parameters. The values noted are the nominal linewidth and roughness 
periodicity, design values, which after the IC fabrication process changes somewhat. Some of the in
tentional changes fade into the “noise” caused by other characteristic process and material-dependent 
effects. For example, depending on the grain size of the polysilicon or properties of the photoresist and 
exposure/develop process, there is an unavoidable random roughness of all lines. Some of the lines 
have intentional edge only on one side, others might have other variations. These are depicted with 
identifiers and is well visible on SEM images. These are designed in 150 μm square pads with 100 μm 
space, ideal for OCD or CDSAXS experiments on such periodic roughness. Tabs are 1/2 of periodicity. 

Series 4 - 6: L100P300: Amp 5-35 (5 nm steps) / Per 110; L150P450: Amp 20, 40, 60 / Per 200 
Series 7: L150P450: Amp 20, 40, 60 / Per 200 
Series 4 has alternating tabs on left/right side of line 
Series 5 has double aligned tabs on left/right side of line 
Series 6 has alternating tabs on left/right side of line; but lines are staggered 
Series 7 has tabs only on one side 
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Plate 14 – Pattern 1-5 – Line edge roughness 65 



Plate 15 – Pattern 1-5 – Line edge roughness. (top) GDS II drawing of Pattern 1-5 at a smaller field 
of view. (bottom) SEM micrograph of a similar area. 
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Plate 15 – Pattern 1-5 – Line edge roughness 67 



 Plate 16 – Pattern 1-5 – Line edge roughness. (top) Medium magnification SEM image of Pattern 
1-5. (bottom) Smaller HFW SEM micrograph of a similar area. 
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Plate 16 – Pattern 1-5 – Line edge roughness 69 



Plate 17 – Pattern 1-6 – Scatterometry Varied. (top) GDS II drawing of Pattern 1-6 at a wide field 
of view. (bottom) SEM micrograph a similar area. 

Explanation: 

Scatterometry Target. The scatterometry target uses the 150 nm 1:1 trenches over different areas. The 
following is a list of the different areas covered by the 140 nm trench: 100x100 μm, 90x90 μm, 80x80 
μm, 70x70 μm, 60x60μm, 50x50 μm, 40x40 μm, 30x30 μm, 20x20 μm, and 10x10 μm. 
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Plate 17 – Pattern 1-6 – Scatterometry Varied 71 



Plate 18 – Pattern 1-6 – Scatterometry Varied. (top) GDS II drawing of Pattern 1-6 at a wide fi eld of 
view. (bottom) SEM micrograph a similar area of  Pattern 1-6. 
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Plate 18 – Pattern 1-6 – Scatterometry Varied 73 



Plate 19 – Pattern 1-6 – Scatterometry Varied. (top) GDS II drawing of Pattern 1-6 at a wide fi eld of 
view. (bottom) SEM micrograph a similar area of  Pattern 1-6. 
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Plate 19 – Pattern 1-6 – Scatterometry Varied 75 



 
 

  

Plate 20 – Pattern 1-6 – Scatterometry Varied. (top) ) Higher magnification SEM micrograph of Pat
tern 1-6 at a low horizontal field width. (bottom) SEM micrograph a similar area of Pattern 1-6 at an 
even higher magnification and horizontal field of view. 
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Plate 20 – Pattern 1-6 – Scatterometry Varied. 77 



  

 

Plate 21 – Pattern 1-7 - Via Pad Variation. (top) GDS II drawing of Pattern 1-7 at a wide fi eld of 
view. (bottom) SEM Micrograph of a similar area. 

Explanation: 

Via Pad Varied Corner Radius. This module contains 150x150 μm blocks of vias that vary based 
on corner rounding. The following sizes indicate the rounded corner radius 5, 10, 15, 20, 25, 30, 35 
nm; the pad dimensions are: 100x150 μm, Pitch: X: 200 μm, Y: 300 μm. 
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Plate 21 -Pattern 1-7 – Via Pad Variation 79 



 Plate 22 – Pattern 1-7 - Via Pad Variation. (top) GDS II drawing of Pattern 1-7 at a wide field of view. 
(bottom) SEM Micrograph of a similar area. 
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Plate 22 -Pattern 1-7 – Via Pad Variation 81 



Plate 23 – Pattern 1-7 - Via Pad Variation. (top) SEM micrograph taken of 10 nm corner radius and 
(bottom) SEM micrograph of 5 nm of corner radius. 
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Plate 23 - Pattern 1-7 – Via Pad Variation 83 



Plate 24 – Pattern 1-8 – RM 8090. (top) GDS II drawing of Pattern 1-8 at a wide FOV. (bottom) GDS 
II drawing of one of the smaller Patterns of 1-8 at a smaller FOV. 

[The RM 8820 patterns found adjacent to this pattern have been discussed earlier in this docu-
ment and will not be repeated here.] 

Explanation: 

NIST pattern for NIST RM 8090.  Several RM 8090 structures were added to the RM 8820 reticle. 
Within this section there are two RM 8090 structures, regardless of size, one is completely phase 
shifted and the other is not. In the NIST quad section, there are six RM 8090 structures, two are stand
ard phase shift modules, but one is grounded, and the other four are 1/4 the size of the original. Two 
of the 1/4 size are line/space modules and two are trench modules; one of the line/space modules is 
grounded. 

[The original RM 8090 pattern was originally designed by Michael Postek and Andras Vladar  and its 
history is described earlier in the text.] 
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Plate 24 - Pattern 1-8 – RM 8090. 85 



Plate 25 – Pattern 1-8 – RM 8090/2090. SEM images of Pattern 1-8 at a wide FOV. (bottom) and one 
of the smaller Patterns of 1-8 at smaller FOV. 
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Plate 25 - Pattern 1-8 – RM 8090. 87 
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SECTION 2
 

89 



 
Plate 26 - Section 2-0 - Overall. (top) GDS II line drawing of the entire RM 8820 pattern highlight
ing Section 2 with the 6 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of Section 2 showing the 6 additional major sub-patterns included in this section. 
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Plate 26 - Section 2. 91 



Plate 27 - Pattern 2-1 – Multiple Gap Lines Positive. (top) GDS II drawing of Pattern 2-1 at a wide 
FOV. (bottom) SEM micrograph of a similar area. 
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Plate 27 - Pattern 2-1 - Multiple Gap Lines Positive 93 



Plate 28 - Pattern 2-1 – Multiple Gap Lines Positive. (top) GDS II drawing of Pattern 2-1 at reduced 
FOV. (bottom) SEM micrograph of a similar area. 
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Plate 28 - Pattern 2-1 – Multiple Gap Lines Positive. 



 
Plate 29 - Pattern 2-1 – Multiple Gap Lines Positive. (top and bottom) SEM Micrographs of Pat
tern 2-1 at two different horizontal fields of view. 
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Plate 29 - Pattern 2-1 – Multiple Gap Lines Positive. 97 



Plate 30 - Pattern 2-2 – Multiple Gap Lines Negative. (top) GDS II drawing of the interface between 
the positive 2-1 pattern (left side) and the negative 2-2 pattern at a wide FOV. (bottom) SEM image of 
Pattern 2-2 at reduced HFW. 
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Plate 30 - Pattern 2-2 - Multiple Gap Lines Negative 99 



Plate 31 - Pattern 2-2 – Multiple Gap Lines Negative. (top) GDS II drawing of the negative 2-2 pat
tern at a narrower FOV. (bottom) SEM image of Pattern 2-2 at a comparable HFW. 
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Plate 31 - Pattern 2-2 - Multiple Gap Lines Negative 



Plate 32 - Patterns 2-3, 2-4, 2-5 and 2-6 – Multiple Size Square Structures Section. (top) Wide 
FOV of GDS II drawing of Patterns 2-3, 2-4 and 2-5. Pattern 2-6 edge is at the extreme right part of 
the FOV. (bottom) GDS II drawing of Pattern 2-3 and a portion of Pattern 2-4 at reduced FOV. Pattern 
2-3 has nominally 10 μm square structures and Pattern 2-4 has nominally 5 μm square structures. 
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Plate 32 - Patterns 2-3, 2-4, and 2-5. and 2-6 - Multiple Size Square Structures Section 103 



Plate 33 - Pattern 2-3 - Multiple Size Square Structures Section. (top) Reduced FOV view of GDS 
II drawing of Pattern 2-3 showing the nominal 10 μm structures. (bottom) SEM micrograph of Pattern 
2-3. 
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Plate 33 - Patterns 2-3 - Multiple Size Square Structures Section 105 



Plate 34 - Pattern 2-3 - Multiple Size Square Structures Section. (top, bottom) SEM Micrographs 
of Pattern 2-3 showing the nominal 10 μm structures. 
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Plate 34 - Pattern - 2-3 - Multiple Size Square Structures Section 107 



Plate 35 - Pattern 2-4, Multiple Size Square Structures Section. (top) Reduced FOV view of GDS 
II drawing of Pattern 2-4 showing the nominal 5 μm structures. (bottom) SEM micrograph of Pattern 
2-4. 
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Plate 35 - Pattern 2-4 - Multiple Size Square Structures Section 



Plate 36 - Pattern 2-4, Multiple Size Square Structures Section. (top, bottom) SEM micrographs of 
Pattern 2-4 showing the nominal 5 μm structures. 
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Plate 36 - Pattern 2-4 - Multiple Size Square Structures Section 111 



Plate 37 - Pattern 2-5, Multiple Size Square Structures Section. (top) Reduced FOV view of GDS 
II drawing of Pattern 2-5 showing the nominal 1 μm structures. (bottom) SEM micrograph of Pattern 
2-5. 
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Plate 38 - Pattern 2-5 - Multiple Size Square Structures Section 113 



Plate 38 - Pattern 2-6 - Multiple Size Square Structures Section. (top) Reduced FOV view of GDS 
II drawing of Pattern 2-6 showing the nominal 0.5 μm. (bottom) SEM micrograph of Pattern 2-6. 
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Plate 38 - Pattern 2-6 - Multiple Size Square Structures Section 115 
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SECTION 3
 

117 



Plate 39. Section 3-0 Overall. (top) GDS II line drawing of the entire RM 8820 pattern highlighting 
Section 3 with the three additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of Section 3 showing the three additional major sub-patterns. Pattern 3-1 the Global Align
ment Test Pattern  is large enough to be included in the wide FOV. Pattern 3-1 is the global alignment 
test pattern (described below). 

Explanation: 

Global Alignment Test Patterns. This module is an array of optical global alignment patterns. There 
are 180 μm dense line symbols and solid polysilicon symbols. There are 5 different cells within the 
Optical GAP module. The cells are based on the following symbol sizes: 45μm, 90 μm, 180 μm, 270 
μm, 540 μm. In this module the dense line symbols appear black. 
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Plate 39 - Section 3 - Overall and Pattern 3-1 119 



Plate 40 - Pattern 3-1 Global Alignment Test Pattern. (top, bottom) SEM Micrographs of a portion 
of the Global Alignment Test Pattern section. 

120 



Plate 40 - Pattern 3-1 - Global Alignment Test Pattern. 121 



 
 

Plate 41 - Pattern 3-2 – Cleave lines. (top) GDS II drawing of the cleave lines pattern at wide FOV. 
The large gaps delimiting the different size and ratio of the lines are apparent in the image. (bottom) 
SEM micrograph of the cleave lines at a low FOV. The length of these lines is nominally 4 mm. 

Explanation: 

Line/space Cleave. This large set of patterns and large area in size was designed for general line-space 
measurements and process control purposes and specifically for cleaving for cross-sectional SEM. 
With their 4 mm long line length, these structures are easily cleavable making it feasible to make top-
down and cross sectional measurements at the same locations. Various pattern recognition marks are 
also included to allow for navigation of any tool under test and of the cross-section SEM cleave line 
if using a micro-cleaver. All the main nominal CD sizes in other marks are represented, with several 
different pitch ratios and also an isolated line and isolated space of these nominal dimensions.  This 
module includes both horizontal and vertical versions. 
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Plate 41 - Pattern 3-2 - Cleave lines 
123 



Plate 42. Pattern 3-2 – Cleave lines. (top) GDS II drawing of the cleave lines pattern at smaller FOV. 
The large gaps delimiting the different size and ratio of the lines are apparent in the image. (bottom) 
SEM micrograph of the cleave lines at a small FOV. The length of these lines is nominally 4 mm. 
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Plate 42 - Pattern 3-2.- Cleave lines. 125 



Plate 43 - Pattern 3-3 – Cleave contacts. (top) GDS II drawing of the cleave contacts pattern at wide 
FOV. The large gaps delimiting the different size and ratio of the contact holes are apparent in the im
age. (bottom) SEM micrograph of Pattern 3-3 at wide FOV. The length of these arrays is nominally 4 
mm. 
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Plate 43 - Pattern 3-3 - Cleave contacts. 
127 



Plate 44 - Patterns 3-3 – Cleave contacts. Reduced FOV view of GDS II drawing of Pattern 3-3 
showing the nominal 250 nm contact hole structures with a nominal 1:1 spacing ratio. (bottom, left) 
SEM micrograph of a similar area. (bottom, right ) SEM micrographs at a reduced FOV. 

128 



Plate 44 - Pattern 3-3 - Cleave contacts 129 



 
Plate 45 - Patterns 3-3 – Cleave contacts.  (top) Reduced FOV view of GDS II drawing of Pattern 
3-3 showing the nominal 250 nm contact hole structures with a nominal 1:1 spacing ratio. (bottom) 
SEM micrograph of a similar area. 
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Plate 45 - Pattern 3-2 - Cleave contacts 131 



Plate 46 - Patterns 3-3 – Cleave contacts.  Reduced FOV view of GDS II drawing of Pattern 3-3 
showing the nominal 0.25 μm contact hole structures with a nominal 2:1 spacing ratio. (bottom,) SEM 
micrograph of a similar area. 
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Plate 46 - Pattern 3-2 - Cleave contacts 133 



Plate 47 - Patterns 3-3 – Cleave contacts. (top) Reduced FOV view of GDS II drawing of Pattern 
3-3 showing the nominal 0.25 μm contact hole structures with a nominal 3:1 spacing ratio. (bottom) 
SEM of a similar area. 
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Plate 47 - Pattern 3-2 - Cleave contacts 135 



Plate 48 - Patterns 3-3 – Cleave contacts. (top) Reduced FOV view of GDS II drawing of Pattern 
3-3 showing the nominal 0.25 μm contact hole structures with a nominal 5:1 spacing ratio. (bottom) 
SEM of a similar area. 
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Plate 47 - Pattern 3-2 - Cleave contacts 
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SECTION 4
 

139 



 
Plate 49 - Section 4-0 overall. (top) GDS II line drawing of the entire RM 8820 pattern highlight
ing Section 4 with the 4 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of section 4 showing the 4 additional major sub-patterns included in this section. 
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Plate 49 Section 4 - Overall 141 



Plate 50 - Pattern 4-1 – Scatterometry Lines. (top) GDS II drawing of the scatterometry lines Pat
tern 4-1 at wide FOV. (bottom) SEM micrograph of a similar area. 
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Plate 50 - Pattern 4-1 - Scatterometry Lines 143 



 
 

Plate 51 - Pattern 4-1 – Scatterometry Lines. (top) GDS II drawing of Pattern 4-1 at a smaller FOV 
showing some of the detail of the fine patterns. (bottom) SEM micrograph of a similar area. 
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Plate 51 - Pattern 4-1 - Scatterometry Lines 145 



Plate 52 - Pattern 4-1 – Scatterometry Lines. (top) GDS II drawing of the scatterometry lines Pat
tern 4-1 at smaller FOV showing the variety of line size and line pitches available. (bottom) SEM 
micrograph of a similar area. 
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 Plate 52 - Pattern 4-1 – Scatterometry Lines 147 



 Plate 53 - Pattern 4-1 – Scatterometry Lines. (top) GDS II drawing of Pattern 4-1 at a smaller FOV 
showing some of the detail of the 250 nm lines and 750 nm pitch spacing pattern. (bottom) SEM mi
crograph of a similar area. 
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Plate 53 - Section 4; Pattern 4-1 149 



Plate 54 - Pattern 4-2 – Scatterometry 2 Series Cells. (top) GDS II drawing of the scatterometry 
lines Pattern 4-2 at wide FOV. (bottom) SEM micrograph of a similar area. 
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Plate 54 - Pattern 4-2 – Scatterometry 2 Series Cells. 151 



 
Plate 55 - Pattern 4-2 – Scatterometry 2 Series Cells. (top) GDS II drawing of Pattern 4-2 at a small
er FOV showing some of the detail of the fine patterns. (bottom) SEM micrograph of a similar area. 
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Plate 55 - Pattern 4-2 – Scatterometry 2 Series Cells. 153 



Plate 56 - Pattern 4-2– Scatterometry 2 Series Cells. (top) GDS II drawing of the scatterometry 
lines Pattern 4-2 at smaller FOV showing the variety of line size and line pitches available. (bottom) 
SEM micrograph of a similar area. 
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Plate 56 - Pattern 4-2– Scatterometry 2 Series Cells. 
155 



Plate 57 - Pattern 4-2– Scatterometry 2 Series Cells. (top) GDS II drawing of the scatterometry 
lines Pattern 4-2 at smaller FOV showing the variety of line size and line pitches available. (bottom) 
SEM micrograph of a similar area. 
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Plate 57 - Pattern 4-2 – Scatterometry 2 Series Cells. 157 



Plate 58 - Pattern 4-3 and 4-4 – Scatterometry Lines and Trenches. (top) GDS II drawing of the 
scatterometry lines and trenches of Patterns 4-3 and 4-4 at wide FOV. (bottom) SEM micrograph of a 
similar area. 
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Plate 58 - Pattern 4-3 and 4-4 – Scatterometry Lines and Trenches. 159 



 Plate 59 - Pattern 4-3 - Scatterometry Lines. (top) GDS II drawing of Pattern 4-3 at a smaller FOV 
showing some of the detail of the fine patterns. (bottom) SEM micrograph of several of the test pat
terns. 
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Plate 59 - Pattern 4-3 Scatterometry Lines. 161 



 
 

Plate 60 - Pattern 4-3 - Scatterometry  Lines. (top) GDS II drawing of Pattern 4-3 at a smaller FOV 
showing some of the detail of the fine patterns. (bottom) SEM micrograph of the L250; P1500 pattern. 

162 



Plate 60 - Pattern 4-3 Scatterometry Lines. 163 



 
 

Plate 61 - Pattern 4-4 - Scatterometry Trenches. (top) GDS II drawing of Pattern 4-4 showing some 
of the detail of the fine patterns. (bottom) SEM micrograph of a similar area of the pattern. 
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Plate 61 - Pattern 4-4 Scatterometry Trenches 165 



 

 

Plate 62 - Pattern 4-4 - Scatterometry Trenches. (top) GDS II drawing of Pattern 4-4 at a smaller 
FOV showing some of the detail of the fine patterns. (bottom) SEM micrograph of the L250; P 750 
pattern. 
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Plate 62 - Pattern 4-4 - Scatterometry Trenches. 167 
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SECTION 5
 

169 



 
Plate 63. Section 5-0 - Overall. (top) GDS II line drawing of the entire RM 8820 pattern highlight
ing Section 5 with the 10 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of Section 5 showing the 10 additional major sub-patterns included in this section. 
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Plate 63. Section 5-0 - Overall 
171 



Plate 64 - Pattern 5-1 – Contact Holes. (top) GDS II drawing of the contact holes Pattern 5-1 at wide 
FOV. (bottom) SEM micrograph of a similar area. 
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Plate 64 - Pattern 5-1 – Contact Holes 173 



 
Plate 65 - Pattern 5-1 – Contact Holes. (top) GDS II drawing of the contact holes Pattern 5-1 a small
er FOV showing some of the detail of the fine patterns. (bottom) SEM micrograph of a similar area. 
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Plate 65 - Pattern 5-1 – Contact Holes 175 



 
Plate 66 - Pattern 5-1 – Contact Holes. (top) GDS II drawing of Pattern 5-1 at a reduced FOV show
ing some of the detail of the fine pattern with a nominal 250 nm contact holes and 880 nm pitch. (bot
tom) SEM micrograph of a similar area. 
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Plate 66 - Pattern 5-1 – Contact Holes 177 



 

Plate 67 - Pattern 5-1 – Contact holes. (top) SEM micrograph of contact hole pattern of the contact 
holes Pattern 5-1 at wide FOV. (bottom) SEM micrograph of a smaller FOV showing some of the de
tail of the fine details of Pattern 5-1. 
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Plate 67 - Pattern 5-1 – Contact holes 179 



Plate 68 - Pattern 5-2 – Scatterometry 2 Sseries Cells. GDS II drawing of the scatterometry lines 
Pattern 5-2 at wide FOV. 
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Plate 68 - Pattern 5-2 – Scatterometry 2 Series Cells 181 



 

Plate 69 - Pattern 5-2 – Scatterometry 2 Series Cells. (top) GDS II drawing of the scatterometry 
lines Pattern 5-2 at wide FOV. (bottom) GDS II drawing of Pattern 5-2 at a reduced FOV showing 
some of the fine detail of a pattern with 19:1 ratio. 
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Plate 69 - Pattern 5-2 – Scatterometry 2 Series Cells 183 



 
Plate 70 - Pattern 5-2 – Scatterometry 2 Series Cells. (top) SEM micrograph of Pattern 5-2 at wide 
HFW. (bottom) SEM micrograph of Pattern 5-2 at a reduced HFW showing some of the fine detail of 
a pattern with 19:1 ratio. 
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Plate 70 - Pattern 5-2 – Scatterometry 2 series cells 185 



Plate 71 - Patterns 5-3, 5-4, and 5-5 – Scatterometry. GDS II drawing of the scatterometry lines 
Pattern 5-3, 5-4, 5-5 and 5-6 at wide FOV. 
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Plate 71 - Patterns 5-3, 5-4, and 5-5 – Scatterometry 187 



Plate 72 - Pattern 5-3 – Scatterometry trenches.  GDS II drawing of the scatterometry trenches Pat
tern 5-3 at wide FOV. 
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Plate 72 - Pattern 5-3 – Scatterometry trenches 189 



Plate 73 - Pattern 5-3 – Scatterometry trenches.  (top) SEM micrograph of Pattern 5-3 at wide 
FOV (bottom) SEM micrograph of  Pattern 5-3 at a smaller FOV showing some of the detail of the 
fi ne patterns. 
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Plate 73 - Pattern 5-3 – Scatterometry trenches 191 



 Plate 74 - Pattern 5-3 – Scatterometry trenches.  (top) SEM micrograph of Pattern 5-3 at wide FOV 
(bottom) SEM micrograph of Pattern 5-3 at a smaller FOV showing some of the detail of the fi ne pat
terns. 

192 



Plate 74 - Pattern 5-3 – Scatterometry trenches. 193 



Plate 75 - Pattern 5-4 – Scatterometry lines.  GDS II drawing of the scatterometry lines Pattern 5-3 
at wide FOV. 
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Plate 75 - Pattern 5-4 – Scatterometry lines 195 



Plate 76 - Pattern 5-4 – Scatterometry lines (top) GDS II drawing of the scatterometry lines Pattern 
5-4 at wide FOV. (bottom) SEM micrograph of a similar area. 
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Plate 76 - Pattern 5-4 – Scatterometry lines 197 



Plate 77 - Pattern 5-4 – Scatterometry lines (top) GDS II drawing of the scatterometry lines Pattern 
5-4 at wide FOV. (bottom) SEM micrograph of a similar area. 
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Plate 77 - Pattern 5-4 – Scatterometry lines 199 



Plate 78 - Pattern 5-5 – Scatterometry lines.  GDS II drawing of the scatterometry lines Pattern 5-3 
at wide FOV. 
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Plate 78 - Pattern 5-5 – Scatterometry lines 201 



Plate 79 - Pattern 5-5 – Scatterometry lines (top) GDS II drawing of the scatterometry lines Pattern 
5-5 at wide FOV. (bottom) SEM micrograph of a similar area. 
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Plate 79 - RM 8820 Section 5; Pattern 5-5 203 



Plate 80 - Pattern 5-5 – Scatterometry lines (top) GDS II drawing of the scatterometry lines Pattern 
5-5 at wide FOV. (bottom) SEM micrograph of a similar area. 

204 



Plate 80 - Pattern 5-5 – Scatterometry lines 205 



Plate 81 - Patterns 5-6, 5 - 7 and 5 - 8 – Line Edge Roughness. (top) GDS II line drawing of the line 
edge roughness patterns. (bottom) SEM micrograph of a similar area. 

Explanation: 

Line Edge Roughness (LERBEN). The module contains 20 μm long lines with various assist features 
for printing intentional periodic roughness artifacts similar to above. Amplitude: 10 nm to 100 nm (in 
10 nm steps), 120 nm, and 150 nm. The periodicity is: 50 to 260 (10 nm steps), 280 to 340 (20 nm 
steps), 370, 400, 450, 500; the tabs are 1/3 of the periodicity. These additional LER patterns were de
signed by Benjamin Bunday of SEMATECH. The different amplitudes and periodicities and widths of 
the carrier lines are shown, with different styles of assist features, and each module is repeated 4 times 
for giving redundancy in cases of resist shrinkage. 
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Plate 81 - Patterns 5-6, 5 - 7 and 5 - 8 – Line Edge Roughness. 207 



Plate 82 - Pattern 5-6 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
patterns of Pattern 5 - 6. (bottom) SEM of a similar area of the 140 nm LER structure. 
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Plate 82 - Pattern 5-6 - Line Edge Roughness 209 



Plate 83 - Pattern 5-6 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
patterns of Pattern 5 - 6 showing compound square wave roughness. (bottom) SEM of a similar area 
of the LER structure. 
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Plate 83 - Pattern 5-6 - Line Edge Roughness. 211 



Plate 84 - Pattern 5-7 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
patterns of Pattern 5 - 7 showing the of the four line square wave periodicity. (bottom) SEM of a simi
lar area of the structure. 
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Plate 84 - Pattern 5-7 - Line Edge Roughness 
213 



Plate 85 - Pattern 5-7 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
patterns of Pattern 5 - 7 showing the centered assist and diagonal modules. (bottom) SEM of a similar 
area of the structure. 
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Plate 85 - Pattern 5-7 - Line Edge Roughness 
215 



Plate 86 - Pattern 5-8 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
at reduced FOV of the four line square wave periodicity. (bottom) SEM micrograph of a similar area. 
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Plate 86 - Pattern 5-8 - Line Edge Roughness 217 



Plate 87 - Pattern 5-8 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
at reduced FOV of the four line square wave periodicity. (bottom) SEM micrograph of a similar area. 
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Plate 87 - Pattern 5-8 - Line Edge Roughness 219 



Plate 88 - Pattern 5 - 8 - Line Edge Roughness. (top) GDS II line drawing of the line edge roughness 
at reduced FOV of the four line square wave periodicity. (bottom) SEM micrograph of a similar area. 
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Plate 88 - Pattern 5 - 8 - Line Edge Roughness. 221 



  
 

Plate 89 - Pattern 5 - 9 - SEM Pattern Recognition. (top) GDS II line drawing of the SEM Pattern 
Recognition module at a wide FOV. (bottom) SEM micrograph of a similar area. 

Explanation: 

SEM Pattern Recognition. This module is an array of: 1) pattern recognition symbols of various 
sizes with and without dummy fill. The symbol sizes are varied and are filled with 180 nm line/spaces 
and in vertical and horizontal directions, others are solid and some are filled with 180 nm contact holes. 
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Plate 89 - Pattern 5 - 9 - SEM Pattern Recognition 223 



Plate 90 - Pattern 5 - 9 - SEM Pattern Recognition. (top) GDS II line drawing of the SEM Pattern 
Recognition module at a reduced FOV. (bottom) SEM micrograph of a similar area. 
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Plate 90 - Pattern 5 - 9 - SEM Pattern Recognition 225 



Plate 91 - Pattern 5 - 9 - SEM Pattern Recognition. (top) SEM Micrograph of the SEM Pattern 
Recognition module at an HFW of (top) 159 μm and (bottom) 84.7 μm. 
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Plate 91 - Pattern 5 - 9 - SEM Pattern Recognition 227 



Plate 92 - Pattern 5-10 - Line End. (top) GDS II line drawing of the line end pullback and line end 
pull back links patterns a wide FOV. (bottom) SEM micrograph of a similar area. 

Explanation: 

LineEnd. These modules are designed to show effects of line end shortening and enable reliable meas
urement of this unavoidable consequence of sub-wavelength lithography. There are two types of line 
end shortening structures: 1) horizontal/vertical block pattern, 2) horizontal link pattern. OPC is added 
to the last cell in both types as indicated; 15 nm is added to each side on the block pattern and 10 nm 
is added to each side of the link pattern. Block size/space: 150 nm width 150 nm space, 160 nm width 
150 nm space, 150 nm width 200 nm space, 160 nm width 200 nm space 150 nm width 200 nm space 
with OPC. These are in gratings large enough to be used with OCD. 

LineEnd shortening. There are two types of line end shortening structures: 1) horizontal/vertical 
block pattern and 2) horizontal link pattern. OPC is added to the last cell in both types as indicated; 15 
nm is added to each side on the block pattern and 10 nm is added to each side of the link pattern. Block 
size/space: 150 nm width 150 nm space,160 nm width 150 nm space, 150 nm linewidth 200 nm space, 
160 nm width 200 nm space 150 nm width 200 nm space with OPC. 
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Plate 92 - Pattern 5-10 - Line End 229 



Plate 93. Pattern 5-10 - Line End Pullback. (top) GDS II line drawing of the line end pullback and 
line end pull back links patterns a wide FOV. (bottom) SEM micrograph of a similar area. 
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Plate 93. Pattern 5-10 - Line End Pullback 231 



Plate 94 - Pattern 5 - 10 - Line End Pullback. SEM Micrographs of the 150 nm (top) and 160 nm 
(bottom) lines. 
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Plate 94 - Pattern 5 - 10 - Line End Pullback 233 
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SECTION 6
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Plate 95. Section 6-0 Overall. (top) GDS II line drawing of the entire RM 8820 pattern highlight
ing Section 6 with the 9 additional major sub-patterns numerically identified. (bottom) GDS II detail 
drawing of section 6 showing the 9 additional major sub-patterns included in this section. Pattern 6-1 
is also seen in the center of this module. 
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Plate 95. Section 6-0 Overall 
237 



Plate 96 - Patterns 6-2, 6-3 and 6-4. Wide FOV of GDS II line drawing of Patterns 6-2 (SEM over
lay), 6-3 (scatterometry) and 6-4 (array target) at a wide FOV. (bottom) SEM micrograph of a similar 
area. 
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Plate 96 - Patterns 6-2, 6-3 and 6-4 239 



 

 

Plate 97 - Pattern 6-2 - SEM Overlay. GDS II drawing of Pattern 6-2 at a smaller FOV showing 
some of the detail of the fine patterns. There are several line groups with different design rules and 
different built-in offsets of the center line for testing SEM overlay measurement capabilities. 

Explanation: 

There are several line groups with different design rules and different built-in offsets of the center line 
for testing SEM overlay measurement capabilities. 

SEM Overlay. The SEM overlay structures were designed with multiple groups of three lines. The 
groups are placed both horizontally and vertically in the module. CDs are 100 nm, 140 nm, 200 nm, 
250 nm, 300 nm. The inner line is offset by the following steps in the X and Y direction: -150 nm, 
-100 nm, -50 nm, -20 nm, 0 nm, 20 nm, 50 nm, 100 nm, 150 nm. All polarities were used for the SEM 
Overlay structures. 
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Plate 97 - Pattern 6-2 - SEM Overlay. 241 



 

Plate 98 - Pattern 6-3 - Array Target. (top) GDS II line drawing of the array target module at a 
wide FOV.  (bottom) SEM micrograph of a similar area. 

Explanation: 

Array Target. The array target is composed of two types of modules. Module 1 has four lines with 
three spaces and the Module 2 has 10 lines and 9 spaces. The critical dimensions (CDs) are 100 nm 
150 nm, 250 nm, 300 nm and 350 nm. The pitch starts at 1:1 and then is spaced as follows: 100 nm, 
150 nm, 200 nm, 250 nm, 300 nm, 350 nm, 400 nm, 450 nm, 500 nm, 1000 nm, 2000 nm. Therefore, 
the 200 nm line would start as a 1:1 and increase in spacing following the above spacing requirements. 
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Plate 98. Pattern 6-3 - Array Target 243 



Plate 99 - Pattern 6-3 - Array Target. (top) GDS II line drawing of the array target module at a 
wide FOV.  (bottom) SEM micrograph of a similar area. 
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 Plate 99 - Pattern 6-3 - Array Target. 245 



Plate 100 - Pattern 6-3 - Array Target.  SEM micrograph of a segment of the Array Target pattern. 
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Plate 100 - Pattern 6-3 - Array Target 247 



 

Plate 101 - Pattern 6-4 - Scatterometry 140 Module. (top) GDS II line drawing of the scatterometry 
140 module module at a wide FOV. (bottom left and right) GDS II drawing of a reduced FOV of some 
of the fine detail of the patterns. 
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Plate 101 - Pattern 6-4 - Scatterometry 140 Module 249 



Plate 102 - Pattern 6-4 - Scatterometry 140 module. (top) SEM micrograph of the 100 x 100 
array at low HFW (bottom) SEM micrograph of higher HFW showing the individual lines. 
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Plate 102 - Pattern 6-4 - Scatterometry 140 module 251 



 

 
 

 

Plate 103 - Pattern 6-5 - NIST (proposed) AFM Step Height  Pattern. (top) GDS II line drawing of 
a portion of ta proposed NIST pattern for a step height standard module at a wide FOV. (bottom) SEM 
micrograph of the NIST pattern  module showing the fine structure in the center. 

Explanation: 

NIST proposed step height prototype pattern. This pattern is designed to accommodate issues spe
cific to AFMs. The large direction pattern surrounding the critical dimension target is to make locating 
the target easier for AFMs with limited navigation and pattern recognition capability. The large target 
and pitch size is for assessing large field of view scanning. (Designed by Ronald Dixson of NIST). 

252 



Plate 103 - Pattern 6-5 - NIST (proposed) AFM Step Height  Pattern. 253 



 

Plate 104 - Pattern 6-5 - NIST (proposed) AFM Step Height  Pattern. (top) GDS II line drawing of 
a portion of the NIST prototype pattern for step height standard module at a wide FOV. (bottom) SEM 
micrograph of the NIST pattern  module showing the fine structure in the center. 
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Plate 104 - Pattern 6-5 - NIST (proposed) AFM Step Height  Pattern 255 



Plate 105. Pattern 6-5 NIST (proposed) AFM Step Height Pattern.  SEM micrograph of the center 
of the NIST pattern  module showing the fi ne structure. 
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Plate 105. Pattern 6-5 NIST (proposed) AFM Step Height Pattern 257 



  

Plate 106 - Pattern 6-6 - High Resolution Overlay. (top) GDS II line drawing of the high resolution 
overlay targets module Pattern 6-8 and 6-9 at a wide FOV. (bottom) SEM micrograph of a similar area. 

Explanation: 

High Resolution Overlay Targets. The High Resolution Module is made of several 20 x 20 mi
crometer boxes of line/trench modules. CDs are 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 
nm,500 nm. The space widths are  500 nm, 1000 nm, 2000 nm, 3000 nm, 4000 nm, 5000 nm. There 
are three cells for each CD/space: the first cell has a 30 % offset in the positive X axis, the second 
cell has a 30 % offset in the positive Y axis, and the third cell has no offset but is 180 degrees out of 
phase. Because this pattern was originally intended for an overlay reticle set, only a single level target 
is displayed. 

258 



259Plate 106 - Pattern 6-6 - High Resolution Overlay 



Plate 107 - Pattern 6-6 - High Resolution Overlay. (top) GDS II line drawing of the high resolution 
overlay targets module Pattern 6-6 at a wide FOV. (bottom) SEM micrograph of a similar area. 
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Plate 107 - Pattern 6-6 - High Resolution Overlay 261 



Plate 108 - Pattern 6-6 - High Resolution Overlay. (top) GDS II line drawing of the high resolution 
overlay targets module Pattern 6-6 at a wide FOV. (bottom) SEM micrograph of a similar area. 
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Plate 108 - Pattern 6-6 - High resolution overlay 263 



Plate 109 - Pattern 6-6 - High Resolution Overlay. (top and bottom) SEM micrographs of the over
lay patterns at higher HFW. 
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Plate 109 - Pattern 6-6 - High Resolution Overlay 265 



Plate 110 - Pattern 6-6 - High Resolution Overlay. (top) GDS II line drawing of the high resolution 
overlay targets module Pattern 6-6 at a wide FOV. (bottom) SEM micrograph of a similar area. 
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Plate 110 - Pattern 6-6 - High Resolution Overlay. 267 



 Plate 111 - Pattern 6-7 - Scatterometry Field Size. (top) Reduced field GDS II line drawing of sev
eral of the scatterometry targets found on Pattern 6-7 at a reduced FOV. (bottom) SEM micrograph of 
a similar area. 
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Plate 111 - Pattern 6-7 - Scatterometry Field Size 269 



 Plate 112 -  Pattern 6-7 - Scatterometry Field Size. (top) Reduced field GDS II line drawing of sev
eral of the scatterometry targets found on Pattern 6-7 at a reduced FOV. (bottom) SEM micrograph of 
a similar area. 
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Plate 112 -  Pattern 6-7 - Scatterometry Field Size. 271 
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SECTION 7
 

273 



 

Plate 113.  Section 7-0 Overall. (top) GDS II line drawing of the entire RM 2089 pat
tern highlighting Section 7 with the 6 additional major sub-patterns numerical
ly identified. (bottom) GDS II detail drawing of section 7 showing the 6 additional ma
jor sub-patterns included in this section. Pattern 7-1 is also seen in the center of this module. 
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Plate 113.  Section 7-0 Overall. 275 



Plate 114 - Patterns 7-1 and 7-2. Wide FOV of GDS II line drawing of Patterns 7-1 (Fill module) and 
7-2 (Cleave lines) at wide FOV. 
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Plate 114 - Patterns 7-1 and 7-2. 277 



 
 

  
 

Plate 115 - Patterns 7-1  - Fill Module. (top) Wide FOV of GDS II line drawing of patterns 7-1 . fill 
module. (below). SEM micrograph of a similar area. 

Explanation: 

Fill Module. Each module contains 13 sub modules as shown in Pattern 7-1. In each sub module 
there is dummy fill surrounding 9 targets. There are four different types of targets but in each module 
only one type is used. The first module contains line in dense line targets, the second module contains 
box in box targets, the third module contains 0.5 μm trench in trench targets, and the fourth module 
contains 1 μm frame in frame targets. The targets remain the same in each module while the dummy 
fill expands away from each overlay target. The fill remains a constant. 100 μm away for the outer 
centered targets, the fill then varies from sub module to sub module. Sub modules go from left to right, 
top to bottom. One thing to note is that because this cell was originally intended for an overlay reticle 
set, you will only see a single level target. 
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Plate 115 - Patterns 7-1  - Fill Module 279 



 Plate 116 - Patterns 7-1 - Fill Module. (top) Low HFW SEM micrograph of the fill module. (bot
tom) Higher HFW micrograph of a one of the cells. 
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Plate 116 - Patterns 7-1 - Fill Module. 281 



 Plate 117 - Patterns 7-1 - Fill Module. (top) Low HFW SEM micrograph of the fill module. (bottom) 
Higher HFW micrograph of a one of the cells. 
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Plate 117 - Patterns 7-1 - Fill Module. 283 



Plate 118 - Pattern 7-2 - Cleave Lines. (top) Reduced FOV GDS II line drawings of several of the 
horizontal cleave line targets found on Pattern 7-2. (bottom) SEM micrograph of a similar area. 

284 



Plate 118 - Pattern 7-2 - Cleave Lines. 285 



Plate 119 - Pattern 7-2 - Cleave Lines. (top) Higher FOV GDS II line drawing of several of the hori
zontal cleave line targets found on Pattern 7-2. (bottom) SEM micrograph of a similar area. 
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Plate 119 - Pattern 7-2 - Cleave Lines. 287 



Plate 120 - Pattern 7-3 - Multisize Scatterometry. (top) Wide FOV GDS II line drawing of several 
of the horizontal multisize scatterometry line targets found on Pattern 7-3. (bottom) SEM micrograph 
of a similar area. 

288 



Plate 120 - Pattern 7-3 - Multisize Scatterometry 289 



Plate 121 - Pattern 7-3 - Scatterometry Defect. (top) Wide FOV GDS II line drawing of Pattern 7-3. 
(bottom) SEM micrograph of a similar area. 
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Plate 121 - Pattern 7-3 - Scatterometry Defect 291 



Plate 122 - Pattern 7-3 - Scatterometry Defect. (top) Low HFW SEM micrograph.of pattern 7-3. 
(bottom) Higher HFW SEM micrograph of a similar area. 
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Plate 122 - Pattern 7-3 - Scatterometry Defect. 293 



 Plate 123 - Pattern 7-4 - Scatterometry Defect. (top) Wide FOV GDS II line drawing of Pattern 7-4. 
(bottom) SEM micrograph of a similar area. 
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Plate 123 - Pattern 7-4 - Scatterometry Defect. 295 



 
 

Plate 124 - Pattern 7-4 - Scatterometry Defect. (top) Low HFW SEM micrograph of Pattern 7-4. 
(bottom) Higher HFW SEM micrograph of the finer detail of the patterns. 
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Plate 124 - Pattern 7-4 - Scatterometry Defect. 297 



Plate 125 - Pattern 7-5 - Phase Imbalance. (top) Wide FOV GDS II line drawing of  the phase imbal
ance pattern. (bottom) SEM micrograph of a similar area. 

298 



Plate 125 - Pattern 7-5 - Phase Imbalance 299 



Plate 126 - Pattern 7-5 - Phase Imbalance. (top) Wide FOV GDS II line drawing of  the phase im
balance pattern. (bottom) SEM micrographs of a similar area. 
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Plate 126 - Pattern 7-5 - Phase Imbalance. 301 



Plate 127 - Pattern 7-5 - Phase Imbalance. (top) Higher HFW SEM micrographs of Pattern 7-5. 
(bottom) Higher HFW of one of the phase imbalance patterns. 
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Plate 127 - Pattern 7-5 - Phase Imbalance 303 



Plate 128 - Pattern 7-6 - Multiple Scatter Lines. (top) Wide FOV GDS II line drawing of several of 
the multiple scatter lines targets found on Pattern 7-6. (bottom) SEM micrograph of a similar area. 
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Plate 128 - Pattern 7-6 - Multiple Scatter Lines. 305 



Plate 129 - Pattern 7-6 - Multiple Scatter Lines. (top) Wide FOV GDS II line drawing of L100P295 
pattern found on Pattern 7-6. (bottom) SEM micrograph of a similar area. 
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Plate 129 - Pattern 7-6 - Multiple Scatter Lines. 307 



Plate 130 - Pattern 7-6 - Multiple Scatter Lines. SEM micrograph at a smaller HFW of the lines 
found on Pattern 7-6. 
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Plate 130 - Pattern 7-6 - Multiple Scatter Lines. 309 
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