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ABSTRACT  

High quality scatterometry standard samples have been developed to improve the tool matching between different 

scatterometry methods and tools as well as with high resolution microscopic methods such as scanning electron 

microscopy or atomic force microscopy and to support traceable and absolute scatterometric critical dimension 

metrology in lithographic nanomanufacturing. First samples based on one dimensional Si or on Si3N4 grating targets 

have been manufactured and characterized for this purpose. The etched gratings have periods down to 50 nm and contain 

areas of reduced density to enable AFM measurements for comparison. Each sample contains additionally at least one 

large area scatterometry target suitable for grazing incidence small angle X-ray scattering. We present the current design 

and the characterization of structure details and the grating quality based on AFM, optical, EUV and X-Ray 

scatterometry as well as spectroscopic ellipsometry measurements. The final traceable calibration of these standards is 

currently performed by applying and combining different scatterometric as well as imaging calibration methods. We 

present first calibration results and discuss the final design and the aimed specifications of the standard samples to face 

the tough requirements for future technology nodes in lithography.  
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1. INTRODUCTION  

Scatterometry, in the semiconductor industry often referred to as optical CD (OCD) metrology, is a generic term for a 

number of different important optical techniques to support the lithographic nanomanufacturing process in 

semiconductor industry. Scatterometric techniques are generally very sensitive to many relevant physical and 

dimensional features including the critical dimensions (CD, typically the feature width) of the nanosized structures to be 

manufactured and as optical methods they are fast, non-destructive and practically contamination-free. However, today 

scatterometry is usually not applied for absolute CD measurements and quality control. The main reason for this is 

caused by the lack of tool matching between scatterometers and CD-SEMs (scanning electron microscopes for CD-

Metrology), which are typically used as reference tools for CD metrology. In measurement comparisons scatterometers 

typically show an excellent linearity to CD-SEM tools. In many cases however, systematic offsets between both systems 

of the order of several nm up to few 10 nm [1-3] are observed. These systematic deviations may be connected both to the 

applied measurement methods and tools, to necessary approximations in the modeling and data analysis and to 

imperfections and limitations of the target structures. Although these systematic offsets may also be at least partly 

attributed to the CD-SEM measurements or simply to inconsistencies in the definition of the measurands, for the 

implementation of scatterometry as absolute and traceable metrology it is necessary to identify, characterize and 

eliminate possible causes for systematic measurement errors and to evaluate thoroughly a complete measurement 

uncertainty estimation to achieve reliable scatterometric measurement results [4-6]. Recently, we have investigated and 

quantified several of these possible systematic error sources [7-9]. However, this is a quite elaborate task, which could be 

made easier and manageable for practical instrustrial applications with the availability of suitable calibrated 

scatterometry reference standards.  



 

 
 

 

Today, several CD standards based either on structured photomasks [10, 11] or wafers [12-14] are available to support 

the metrology for lithographical nanomanufacturing. However, none of them is designed and suitable to test state-of-the-

art OCD tools, since they either contain only single calibrated structures [10, 12, 14], the grating targets are too small for 

current tools [14] or the structures are quite large (CD >> 100 nm) and only mask based [10, 11]. To overcome this 

shortcoming, within a a joint research project (JRP) [15] we recently have developed, characterized and calibrated 

scatterometry standard samples to support the CD metrology in semiconductor industry, in particular for wafer 

processing including lithography. Furthermore it was aimed to enable tool validation for different type of OCD tools and 

to support the equalisation and matching of the various measurement techniques (OCD, SEM and AFM) used mainly for 

CD metrology in the semiconductor industry. 

Two different standard samples, based either on Si or on Si3N4, have been developed. We have characterized the 

structure quality on these samples using both high resolution microscopy such as Atomic Force Microscopy (AFM) and 

SEM, and different scatterometry methods such as optical, EUV as well as X-Ray scatterometry and spectroscopic 

ellipsometry. For the calibration a combined analysis of DUV and EUV scatterometry, spectroscopic ellipsometry or 

Mueller polarimetry and GISAXS measurement data supported by AFM and CD-SEM results will be applied using 

Bayes algorithms [16-18].   

Here, we report on the status of these developments and discuss the final design and aimed specifications of these 

standard samples and of possible future extensions.  

2. SCATTEROMETRY REFERENCE STANDARD SAMPLES 

The design of the scatterometry reference standards had to take into account different boundary conditions and 

requirements. So they should be applicable for different type of instruments both of the project partners and of course 

especially for end users in industry, should cover state of the art industry requirements and current lithography 

technologies and be extendable to future technology steps. Additionally a principal suitability for AFM and SEM 

characterization was desirable as well. And finally the manufacturability and availability of high quality manufacturing 

processes was of course another important condition. We have developed two scatterometry standards, a Si- and a resist 

mimicking dielectric standard based on Si3N4. The different type of standard samples and materials are chosen to cover 

different metrological applications like resist metrology and inspection of the fabricated wafer, so that various 

metrological requirements in semiconductor industry are gathered.  

A well-controlled state of the art manufacturing is of key-importance in view of high reproducibility. The reference 

standard samples were manufactured by electron beam lithography. The substrates used were silicon wafers for the 

silicon gratings and silicon wafers with a deposited 100 nm silicon nitride layer for the dielectric gratings.  

Suitable processes for the manufacturing of both Si and  Si3N4 versions of the reference standards have been identified 

and optimised. The substrates were spin coated with positive electron beam resist ZEP520A, with thicknesses down to 

30 nm for the smallest CD of 25 nm. For the electron beam exposure, a Vistec EBPG5000+ES e-beam writer was used, 

which operates with an electron acceleration voltage of 100 kV. The final step involves reactive ion etching of the 

substrate, while the developed resist acts as etch mask. The etching gases used were SF6 and C4F8 for the silicon gratings 

and CHF3 for the dielectric gratings. Finally, the remaining resist layer was removed with an oxygen plasma. The 

electron beam writer addresses typically main field sizes of 250 µm x 250 µm. Further distribution of the design over the 

whole sample size is done by scanning the sample itself via a laser interferometrically controlled stage. Although the 

individual fields are periodically aligned by an automatic adjustment of the beam deflection on designated markers on 

the sample holder table during the exposure, small drifts of the sample or holder system due to slight variations in 

temperature may lead to minor stitching errors between adjacent fields. Usually, these stitching errors are too small to 

have an impact on the design or to be measured e.g. by scanning electron microscopy. Interestingly, even the periodicity 

of sub-fields of 4.3 µm in the e-beam writing process are visible in the GISAXS measurement at the PTB.  

So far the produced reference standards cover a range of grating periods between 50 nm and 250 nm and nominal CD 

values between 25 nm and 100 nm. The structure height was adapted for different grating periods to ensure the best 

manufacturing quality.  

For the process development, testing and validation and to test the applicability of different metrology tools in a first step 

we used a design as shown in figure 1. The large cross shaped grating was chosen to enable GISAXS measurements with 

the plane of incidence along and perpendicular to the grating lines. The scatterometric measurement areas for smaller 



 

 
 

 

spot size instruments are indicated by unique alignment marks (not shown in figure 1). Additionally there are several 

small areas (size 5 µm X 5 µm) with a reduced line density for AFM testing.    

 

Figure 1. Design of the first test samples to test and validate the manufacturing processes as well as the applicability of 

different metrology tools. The large cross shaped grating was chosen to enable GISAXS measurements with the plane of 

incidence along and perpendicular to the grating lines. The red lines mark areas of locally lowered line-to-space ration to 

enable AFM reference measurements even for small periods below 100 nm.  

3. CHARACTERIZATION OF THE STANDARD SAMPLES 

To enable finally a calibration of the most important structure parameters CD, side wall angle (SWA), structure height 

and mean pitch (period) especially for the scatterometric measurements it is essential to gather as much a-priori 

information as possible about the structures to be measured to support unique and accurate measurement results. 

Therefore, and in order to validate the high quality of the fabricated grating samples, in a first step we thoroughly 

investigated detailed geometry features as well as the optical material parameters of the line structures. 

To determine reliable optical material parameters, the complex refractive indices, we applied goniometric reflectometry, 

spectroscopic ellipsometry and spectroscopic Mueller polarimetry measurements in sufficiently large etched and not 

etched areas. For this purpose we used PTB’s homebuilt ‘DUV’ scatterometer [3] and a commercial spectroscopic 

ellipsometer/Mueller polarimeter (SENTECH SENresearch 850SE). These optical parameters are typically strongly 

correlated with potential layer compositions and heights as well as etch depth or the corresponding structure heights. 

Therefore we additionally applied X-ray reflectometry and AFM measurements to characterize the layer structures and 

etch depth. With this approach we determined suitable mean values as a-priori information and (partly) good starting 

values for the final calibration procedure (see below) for both sample types: 

• Si-samples: n&k for the silicon and the (inevitable) silicon oxide layer; thickness of oxide layer; etch depth 

• Si3N4-samples: n&k for the silicon and the Si3N4 layer; thickness of and etch depth in the Si3N4 layer 

Additionally we have applied different high resolution microscopy tools, namely low voltage SEM, cross section SEM 

and PTB's 3D AFM [19] to characterize further important structure details such as line edge roughness, edge angles or 

etch profile details such as corner rounding.    



 

 
 

 

 

Figure 2: Measurement example of AFM line edge and line widths roughness measurements on test samples of the first 

iteration stage (with worse structure quality than the final samples). 

Besides the structure height AFM measurements are utilized to characterize line edge roughness, line edge angles and 

profiles. Figure 2 shows an example of a Si line structure measured by our 3D-AFM. It demonstrates the excellent 

reproducibility of the measurements both in the vertical and in the lateral direction.  

Figure 3, 4 and 5 show SEM measurement examples of the final standard structures for both materials, Si as well as 

Si3N4. Measurements have been done using top down images (fig. 3) as well as cross section images (fig 4, 5), the latter 

of course only on identically manufactured test samples, because cross section imaging is a destructive method.   

The top down SEM images shows rather smooth line edges. Applying PTB’s edge detection algorithms [20], these top 

down images are analyzed to derive the local line edge roughness and to some extend also local line edge angles.    

Even though SEM cross section images give only very indirect information about the samples to be characterized, since 

only identically manufactured samples are destructively measured instead of the samples of interest, they nevertheless 

give quite valuable information about the basic cross section geometry of the grating structures, provided, that the 

manufacturing process is stable and highly reproducible. 

For the manufactured Si3N4 gratings the cross section images (fig. 4) indicate, that the edges are not perfect, but show 

edge angles, which are significantly lower than the intended 90 °. However, the observed top and bottom corner 

rounding is relatively small. 

For the Si gratings (c. f. fig. 5) the observed edge angles are much steeper (about nearly 90 °). However, as confirmed by 

the scattering data below, the edges show a significant bottom corner rounding. In fact the whole grooves in the bottom 

are rather curved with almost constant radius across its full width. The top corners of the lines on the other hand are 

much better defined. This is easily understood from the fabrication process, as the grooves are etched after resist 

development with the top area of the lines covered by the resist acting as the etch mask and thus protected. After etching, 

the resist is stripped by an oxygen plasma treatment which does not further etch the sample. This treatment, however, 

oxidizes the surface and causes the rather large oxide thickness of around 6 nm. It should be noted that this oxide is not a 

stoichiometric SiO2 and probably also not homogeneous from the silicon interface to the surface.  
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Figure 3: a) SEM top down image; b) analysis of edge positions applying PTB's BDF-edge detection algorithm; c) top (blue) 

and bottom (cyan) edge position versus scanning position to derive local line edge roughness parameters 

 

 

Figure 4: SEM cross section image of a Si3N4 sample with a grating period of 100 nm and a nominal CD of 50 nm. 



 

 
 

 

The microscopic characterization has been supplemented and validated by 

and X-ray spectral range using EUV-SAS and GISAXS

Here in particular the GISAXS measurements due to the very short wa

structure details such as line edge as well as surface roughness. In fact due to the GISAXS measurement geometry these 

measurements are very sensitive and useful to measure as well long range line inhomogeneitie

stitching effects of the e-beam writing process [21].

4. STRUCTURE MODEL 

As already mentioned above, for the final measurements and calibrations of the grating structures

CD-AFM high resolution microcopy several different approaches of ‘photon based scatterometry’ from the x

(GISAXS) to the visible and near infrared spectral range (ellipsometry / Mueller polarimetry) are applied. 

To avoid as far as possible any systematic measurement deviations it is of utmost importance that the measurement data 

of all methods are analyzed as far as possible with the same geometry and layer model and with the same data analysis 

methods. Therefore, all photon based m

the finite element based Maxwell solver 

shows typically a very fast convergence, so that it is very well s

derive the structure parameters from the scatterometric measurements.  

We always apply a two stage optimization

Differential Evolution to find a unique solution close to the absolute minimum of the multi

In a second step we apply a local gradient based

reconstruction result.     

From the cross section SEM images (c. f. fig. 5)

procedure. As shown in figure 5 (right) 

corner rounding as a suitable and sufficiently realistic structure profile description. 

For the silicon samples we add a homogenous oxide layer on the Si

of the silicon line structures. 

For the Si3N4 samples no such oxide layer is required. However, here we allow for an etch depth, which might differ 

from the height of the Si3N4 layer to take into account a possible under

Figure 5. Left: cross section SEM image of a Si line 

evaluation. The six parameters are indicated. For the model, we assumed a homogeneous thickness of the oxide, which 

results from oxygen plasma cleaning for resist stripping, at all surface

The microscopic characterization has been supplemented and validated by the scatterometric measurement

SAS and GISAXS, as shown in section 5. 

Here in particular the GISAXS measurements due to the very short wavelength have proven to be very sensitive to 

structure details such as line edge as well as surface roughness. In fact due to the GISAXS measurement geometry these 

measurements are very sensitive and useful to measure as well long range line inhomogeneitie

beam writing process [21]. 

STRUCTURE MODEL AND DATA ANALYSIS   

or the final measurements and calibrations of the grating structures

AFM high resolution microcopy several different approaches of ‘photon based scatterometry’ from the x

(GISAXS) to the visible and near infrared spectral range (ellipsometry / Mueller polarimetry) are applied. 

systematic measurement deviations it is of utmost importance that the measurement data 

of all methods are analyzed as far as possible with the same geometry and layer model and with the same data analysis 

Therefore, all photon based measurements including the x-ray and EUV data is modeled and analyzed using 

Maxwell solver JCMwave [22, 23]. This FEM solver allows to model arbitrary structures

shows typically a very fast convergence, so that it is very well suited for the optimization process, which is required to 

derive the structure parameters from the scatterometric measurements.   

We always apply a two stage optimization: in a first step we use a global algorithm such as 

to find a unique solution close to the absolute minimum of the multi-dimensional error function. 

local gradient based optimization in the vicinity of the global optimization result to refine the 

(c. f. fig. 5) we have derived a reasonable geometry model

 we use for all measurements a trapezoidal line cross section with top and bottom 

s a suitable and sufficiently realistic structure profile description.  

ilicon samples we add a homogenous oxide layer on the Si-substrate as well as on the top surface and the edges 

oxide layer is required. However, here we allow for an etch depth, which might differ 

layer to take into account a possible under- or over-etching of this nitride layer. 

: cross section SEM image of a Si line structure, right: scheme of the geometrical model used for the data 

evaluation. The six parameters are indicated. For the model, we assumed a homogeneous thickness of the oxide, which 

results from oxygen plasma cleaning for resist stripping, at all surfaces.  

scatterometric measurements in the DUV 

velength have proven to be very sensitive to 

structure details such as line edge as well as surface roughness. In fact due to the GISAXS measurement geometry these 

measurements are very sensitive and useful to measure as well long range line inhomogeneities such as stitching or sub-
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5. MEASUREMENTS 

For the final measurements and calibration of the scatterometry standard samples

microscopy methods CD-AFM and CD

systems are used:  

• Spectroscopic  Ellipsometry / Mueller

Mueller polarimeter operated in the VIS and NIR spectral range,

commercial DUV to NIR system (SENTECH SENresearch 850 SE)

• Goniometric scatterometry measurements at an operation wavelength of 266 nm are done by PTB’s home

DUV-scatterometer [25, 26]  

• Small angle EUV scatterometry (EUV SAS

reflectometer and scatterometer recently developed and set up at PTB at the electron storage ring BESSY II in 

Berlin [21] 

• At another beam line of BESSY II another setup is applied for 

We have measured all manufactured reference standard samples with all these different set

first step each measurement has been analyzed individually applying the model and approach described in the previous 

section.  

Figure 6 illustrates the GISAXS measurement scheme and shows a measurement example of a Si 

compared with a best fit result of the FEM

Figure 6: left: scheme of the GISAXS measurements at 

(red squares) and diffraction efficiencies measured

angle of incidence is 88.9°; the indicated angle relies to the sam

Nearly comparable good results are obtained as well for the EUV

Additionally shown is here a photo of the new

measurement scheme is very similar to the GISAXS measurement. However, due to the much shorter wavelength the 

angle of incidence can be chosen significantly smaller

target size in the direction of the plane of

Figure 8a shows the measurement scheme for the goniometric DUV scatterometer. Since the grating samples under test 

are in the sub-wavelength regime, usually only the zeroth diffraction order, i. e. the specular reflected beam is 

measurable in the far field. To extract nevertheless sufficient information about the structures we measured the samples 

in four different measurement geometries with the grating lines oriented within or perpendicular to the plane of incidence 

and illuminating the sample either with s

examples for two different Si gratings with periods of 100 nm (8b) and 50 nm (8c), respectively. The comparison of the 

measured reflectance curves (dots) with th

excellent agreement. The resulting structure geometries and sizes are shown as well and qualitatively compared with 

MEASUREMENTS OF THE STANDARD SAMPLES

For the final measurements and calibration of the scatterometry standard samples, besides the above mentioned 

AFM and CD-SEM four different photon based methods and five different measurement 

Ellipsometry / Mueller polarimetry measurements are provided either by a home

operated in the VIS and NIR spectral range, developed recently by DFM [2

NIR system (SENTECH SENresearch 850 SE) 

measurements at an operation wavelength of 266 nm are done by PTB’s home

EUV SAS, c. f. fig. 7) are performed with a unique EUV 

recently developed and set up at PTB at the electron storage ring BESSY II in 

At another beam line of BESSY II another setup is applied for GISAXS measurements [21, 27] 

d all manufactured reference standard samples with all these different set

first step each measurement has been analyzed individually applying the model and approach described in the previous 

XS measurement scheme and shows a measurement example of a Si 

compared with a best fit result of the FEM-optimization. This result documents the generally excellent fit quality. 

 

left: scheme of the GISAXS measurements at the PTB labs at BESSY II, right: comparison of FEM reconstruction 

(red squares) and diffraction efficiencies measured by GISAXS (blue line) of the grating sample with a pitch of 100 nm. The 

the indicated angle relies to the sample surface 

omparable good results are obtained as well for the EUV-SAS measurements, as is shown in figure 7. 

Additionally shown is here a photo of the new and quite versatile EUV scatterometer and reflectometer system

e is very similar to the GISAXS measurement. However, due to the much shorter wavelength the 

angle of incidence can be chosen significantly smaller, leading to strongly released requirements in the scatterometry 

target size in the direction of the plane of incidence.    

Figure 8a shows the measurement scheme for the goniometric DUV scatterometer. Since the grating samples under test 

wavelength regime, usually only the zeroth diffraction order, i. e. the specular reflected beam is 

n the far field. To extract nevertheless sufficient information about the structures we measured the samples 

in four different measurement geometries with the grating lines oriented within or perpendicular to the plane of incidence 

ple either with s- or p- polarized light. Figure 8 (bottom middle and right) shows measurement 

examples for two different Si gratings with periods of 100 nm (8b) and 50 nm (8c), respectively. The comparison of the 

measured reflectance curves (dots) with the corresponding best fit optimization results (blue line) again shows an 

excellent agreement. The resulting structure geometries and sizes are shown as well and qualitatively compared with 
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XS measurement scheme and shows a measurement example of a Si standard sample 

optimization. This result documents the generally excellent fit quality.     
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SAS measurements, as is shown in figure 7. 
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excellent agreement. The resulting structure geometries and sizes are shown as well and qualitatively compared with  



 

 
 

 

Figure 7: left: photo of the new EUV reflectometer/scatterometer system at the PTB labs at BESSY II, right: c

FEM reconstruction (red squares) and diffraction efficiencies 

with a pitch of 100 nm. The angle of incidence can b

resulting in a strongly reduced interaction area. 
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Figure 8: a) four different measurement geometries used for goniometric DUV scatterometry, b&c) bottom: 

FEM reconstruction (lines) and measured (

top: qualitative comparison of the structure geometries reconstructed from these measurements and the corresponding SE

cross section images.  

corresponding SEM cross section images of nominal identical structures (8b, 8c, top). We would like to stress, that even 

tiny structure features such as the top and bottom corner rounding are obviously reconstructed very w

is in the deep sub-wavelength regime. Comparable good agreement is observed for the structure profiles obtained for the 

X-ray scatterometry measurements, as compared with the SEM cross section images.

reflectometer/scatterometer system at the PTB labs at BESSY II, right: c

diffraction efficiencies measured by EUV-SAS (blue circles) of the grating sample 

with a pitch of 100 nm. The angle of incidence can be chosen significantly smaller (~ 85°) than for the GISAXS system, 

resulting in a strongly reduced interaction area.  
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a) four different measurement geometries used for goniometric DUV scatterometry, b&c) bottom: 

) and measured (dots) reflectance for grating sample with a period of 100 nm

top: qualitative comparison of the structure geometries reconstructed from these measurements and the corresponding SE

corresponding SEM cross section images of nominal identical structures (8b, 8c, top). We would like to stress, that even 

tiny structure features such as the top and bottom corner rounding are obviously reconstructed very w

Comparable good agreement is observed for the structure profiles obtained for the 

ray scatterometry measurements, as compared with the SEM cross section images. 

 

reflectometer/scatterometer system at the PTB labs at BESSY II, right: comparison of 

circles) of the grating sample 

e chosen significantly smaller (~ 85°) than for the GISAXS system, 
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a) four different measurement geometries used for goniometric DUV scatterometry, b&c) bottom: Comparison of 

of 100 nm (b) and 50 nm (c) and 

top: qualitative comparison of the structure geometries reconstructed from these measurements and the corresponding SEM 

corresponding SEM cross section images of nominal identical structures (8b, 8c, top). We would like to stress, that even 

tiny structure features such as the top and bottom corner rounding are obviously reconstructed very well, even if the size 

Comparable good agreement is observed for the structure profiles obtained for the 



 

 
 

 

 

Figure 9: Mueller polarimetry measurement data for two different grating orientations and best fit optimization results for a 

Si grating with a period of 100 nm and a nominal CD of 35 nm obtained with DFM’s home build spectroscopic Mueller 

polarimeter. The matrix elements are given in terms of the corresponding Fourier coefficients.  

Finally, figure 9 depicts a measurement example obtained with DFM’s Mueller polarimeter. Here 8 of the 16 Mueller 

matrix elements are shown in terms of the corresponding Fourier coefficients, as obtained in the data analysis of this 

polarisation modulated measurement system. Measurements are shown for two different orientations of the grating 

sample with respect to the plane of incidence, and are compared with the corresponding best fit optimisation results. 

Again we observe a very good fit quality. 

Table 1 shows exemplarily results for the main structure parameters CD, height, side wall angle and corner roundings for 

three different Si grating targets obtained by individual evaluation of the described scatterometric measurements. The 

results for the obtained CD and height values are already in very good agreement (≤ 2 nm), in particular for the DUV and 

the X-ray scatterometry measurements. For the oxide layer we observed some sensitivity issues for the X-ray 

scatterometry methods. The agreements of the results for the side wall angles and top as well as bottom corner rounding 

are reasonable, but not perfect. A reason for this might be some residual correlations between side wall angle and corner 

rounding.          

Table 1: First individual measurements results on three different Si grating targets obtained by different scatterometric 

measurement methods and tools.   

 

CD  

/ nm 

Height 

/nm 
Side Wall angle/° 

Corner Radius Oxide 

Height /nm 
Top /nm Bottom/nm 

Si-target with nominal CD = 25 nm, period = 50 nm, height = 50 nm 



 

 
 

 

GISAXS 25.1 48.2 87.7 4.2 13.8 - 

DUV-Scatt. 24.8 51.7 84.4 4.5 9.5 5.0 

EUV-SAS 23.3 48.9 88.6 6.4 11.6 4.7 

Si-target with nominal CD = 55 nm, period = 100 nm, height = 100 nm 

GISAXS 55.0 102.1 82.9 5.7 14.0 - 

DUV-Scatt. 53.4 101.2 90.0 8.0 20.5 5.3 

EUV-SAS  53.6 100.8 87.6 2.9 15.8 8.7 

Si-target with nominal CD = 35 nm, period = 100 nm, height = 100 nm 

EUV-XRR 31.5 104.2 89.3 3.9 25.3 5.8 

DUV-Scatt. 34.2 103.8 90 7.55 24.6 5.2 

Mueller-Pol. 37.0 NA 87.5 10.4 39.6 6.3 

 

 

6. CONCLUSION AND OUTLOOK 

We have presented here the the current status of the development of high quality scatterometry reference standard 

samples. We have shown the development, characterization and first steps for the calibration of these samples. The 

manufacturing process and design for high quality samples has been developed. Characterization of the first 

manufactured test samples performed with a large variety of different high end tools confirms the good quality of the 

manufactured samples. Additionally first results of the calibration of Si-samples performed with different scatterometric 

tools and methods already show a good agreement.  

Current measurement uncertainties for the different measurements for example for the CD values are estimated to be of 

the order of few nm. However, to achieve even significantly smaller measurement uncertainty values for the final 

standard calibration a combined data analysis of all measurements including AFM, SEM and polarimetry data will be 

applied. The procedures and methods for this hybrid metrology approach based on Bayes algorithm have already been 

developed and tested [17, 18]. With this approach we expect to reach measurement uncertainties (k=2) of below nm for 

the CD and 0.3° for the side wall angles.   

First Si3N4 samples have been manufactured as well and are currently characterized and calibrated in a similar way. The 

structure quality appears to be quite good as well, with even much reduced corner rounding, as compared with the silicon 

samples. The edges seem to be significantly less steep than the silicon line edges, but are assumed to be still appropriate 

for the intended purpose.    

For the final version of the standard samples we have developed a modified design as shown in figure 10. As it was 

recognized, that for the GISAXS evaluation the test fields with the grating lines along the plane of incidence are much 

more appropriate and sufficient for the characterization of the grating structures, here we omitted the GISAXS field with 

grating lines perpendicular to the plane of incidence. Instead, to increase the practical use for state-of-the art OCD tools 

we added a matrix of scatterometry targets of 1 mm
2
 in size and with systematic variations in the grating period 

(currently 50 nm to 250 nm) as well as the line-to-space-ratio (duty cycle, 0.9 to 1.1). Additionally we have added 

another column with a very low duty cycle of 0.25 to enable an improved and more direct comparison of OCD and AFM 

tools.  

The grating periods and with it the structure dimensions may be easily scaled down to 22 nm and below to adjust to 

current and future technology nodes in semiconductor industry, provided the availability of suitable advanced e-beam 

writers. 



 

 
 

 

Both the final silicon and the dielectric reference standard samples will be available in the near future and the 

participating national metrology institutes will 

Figure 10: Draft of the final standard design containing only one GISAXS test field (plane of incidence along the grating 

lines) for GISAXS reference measurements and to test the process 

scatterometry targets is added to enhance the parameter space for scatterometer 

in the left column enables a more direct comparison with AFM reference measurement
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