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Metrology and Standardization in Surface
Analysis: Acting parties

VAMAS Technical Working Area 2

nSurface Chemical AW RERERYAL Surface Chemical Analysis
(VAMAS = Versailles Project on Advanced

Materials and Standards)

ISO TC 201 Surface Chemical Analysis,
ISO TC 202 Microprobe Analysis,
Liaisons to ISO TC 229 Nanotechnology

International
Organization fp

Surface Analysis Working Group (SAWG) Standardizatic ST
at CCQM (Consultative Committee on ' BIPM

Bureau International
des Poids et Mesures

Quantity of Matter) / BIPM (Bureau

International des Poids et Mesures) V
Certified Reference Materials (CRM): v
BAM, NMIJ, KRI SS, NI ST, VAMAS
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Methods of Surface Chemical Analysis

Information Surface and Nanoanalysis
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Surface Chemical Analysis and Traceabllity

Primary methods measuring amount of substance as
[atoms/cm?, € ]

Empirical methods measuring amount of substance after
cali bration as [fractions 1 n
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Challenging areas for Surface Chemical Analysis as
identified by SAWG/CCOQM

Microelectronics

Life sciences, bio-nano objects
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Microelectronics
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Context: Development of Semiconductor Devices

Moore’s Law
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Key Metrologies for 32 nm Device
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Thickness,

Quantitative
depth profile

International Technology Roadmap for Semiconductors : 2005
Tech. Node . >70nm >40nm > 32nm > 25nm
(2006) (2011) (2013) (2015)
Gate Oxide T, Logic : 1.1 nm .7 nm 0.5 nm .5 M
Junction Deptch : 154 nm 12.8 nm 10.4 nm 8 nm

Precision : 4% 4% 4% 4%




Methods for ultra thin film measurements

Method Strong

Weak

-traceable to length unit capping is required

- traceable to length unit influenced by contamination (offset)
AR

< ~2 nm is impossible

FIR-RES

MEIS

: contamination effect is large
o= precise and repeatable
- in-process metrology
Tsio,< 1 nm is possible electron attenuation length
APS offset value is O thickness calibration is required
LEXES offset value will be 0 thickness calibration is required
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Mutual calibration method for
traceable ultra thin film (< 2 nm) measurements

Methods

Neutron Reflectivity
X-ray Reflectivity

Ellipsometry
TEM

O e el lalielin=1itelg Amount of substance Thickness

In-plane resolution Low

Without TEM

— Thickness
CRMs >2 nm



Traceable XRR for calibration at NMIJ
Major Uncertainties for Thickness by XRR Analysis:

Parameter

Uncertainty

Performance powered by

Wave length (AL = 2x104)

Angle 1.4 sec (random)
10 sec (shift)

Flathess

Repeatability
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103 nm

103 nm
102~ 1023 nm

>101~103nm

103 nm

Controlled angle

Angle Calibration System
(Jap. National Angle Standard)

Flathess monitor

Controlled sample flatness
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Improved XRR performance by minimization of surface
contamination (heat-cleaning, environment control)

sample kept under

atmosphere for 2
years

X-ray reflectivity
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Effect on heat-
cleaning
method for
ultra-thin SiO,
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SAWG/CCQM: Results of Key Comparison K-32
Mmount ~of ‘silicon oxi de

(100) 1.5 nm oxide K 32
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1.5 nm SiO, layer thickness can be determined
by XPS at uncertainties low as 0.068 nm (= 4.5% rel.) T
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Results of Key Comparison K-32

Research Article
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Ultra-thin SiO, on Si IX: absolute
measurements of the amount of silicon oxide
as a thickness of SiO, on Si

M. P. Seah,** W.E. S. Unger,” Hai Wang,* W. Jordaan,® Th. Gross,” J. A. Dura,®
Dae Won Moon,’ P. Totarong,? M. Krumrey," R. Hauert' and Mo Zhigiang’

Results from a study conducted between National Metrology Institutes (NMls) for the measurements of the absolute thicknesses
of ultra-thin layers of 5i0; on Si are reported. These results are from a key comparison and associated pilot study under the
auspices of the Consultative Committee for Amount of Substance. ‘Amount of substance’ may be expressed in many ways,
and here the measurand is the thickness of the silicon oxide layers with nominal thicknesses in the range 1.5-8 nm on Si
substrates, expressed as the thickness of Si0,. Separate samples were provided to each institute in containers that limited the
carbonaceous contamination to approximately <0.3 nm. The SiO, samples were of ultra-thin on (100) and (111) orientated
wafers of Si. The measurements from the laboratories which participated in the study were conducted using ellipsometry,
neutron reflectivity, X-ray photoelectron spectroscopy or X-ray reflectivity, guided by the protocol developed in an earlier
pilot study. A very minor correction was made in the different samples that each laboratory received. Where appropriate,
method offset values attributed to the effects of contaminations, from the earlier pilot study, were subtracted. Values for the
key comparison reference values (agreed best values from a Consultative Committee study) and their associated uncertainties
for these samples are then made from the weighted means and the expanded weighted standard deviations of the means of
these data. These results show a dramatic improvement on previous comparisons, leading to 95% uncertainties in the range
0.09-0.27 nm, equivalent to 0.4- 1.0 monolayers over the 1.5-8.0 nm nominal thickness range studied. If the sample-to-sample
uncertainty is reduced from its maximum estimate to the most likely value, these uncertainties reduce to 0.05-0.25 nm or
~1.4% relative standard uncertainties. The best results achieve ~1% relative standard uncertainty. It is concluded that XPS has
now been made fully traceable to the S, for ultra-thin thermal SiO; on Silayers, by calibration using wavelength methods in an
approach that may be extended to other material systems. (© Crown copyright 2009. Reproduced with the permission of Her
Majesty’s Stationery Office. Published by John Wiley & Sons, Ltd.

Keywords: attenuation length; calibration; silicon dioxide; thickness; ultra-thin oxide
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Metrology and standardization for guantitative
surfaces analysis applied in life sciences

Context: By 2010, the global value of the nanobiotechnology sector will
be between $170 billion and $210 billion.

Key areas: AMedical devices
APersonalised medicine

ANanomedicine
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What is challenging in quantitative bio-surface
analysis?

The uncertainties are comparatively large.

The parameters to be measured are very complex and the
number of variables is large.
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Example: Imaging of chemical substances in
biological cells and tissues

endoplasmic
reticulum

® 2001 Sinauer Associates, Inc.

Measurement objectives:
Substance identification, localization, quantification

Challenges:

Numerous and complex substances (i ons,
Wide range of relevant concentrations and sample sizes

Biological variability

SP




Example: Biochip

I—|1 EIEIEI mm|—|5|:| i

tu:utal ||:|'h




Example: Chemical Layout of a Saccharide Biochip

Issues:
Lateral homogeneity of layers
Density of functional groups
Thickness of layers
Orientation of molecules?
Covalent bonds?
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Layer 1

Glass slide with terminal OH groups




