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CRM

Metrology and  Standardization in Surface 

Analysis: Acting parties

Pre-standardization research:

VAMAS Technical Working Area 2  

ñSurface Chemical Analysisò

(VAMAS = Versailles Project on Advanced 

Materials and Standards)

Surface Chemical Analysis

Standardization:

ISO TC 201 Surface Chemical Analysis, 

ISO TC 202 Microprobe Analysis, 

Liaisons to ISO TC 229 Nanotechnology

Metrology:

Surface Analysis Working Group (SAWG)

at CCQM (Consultative Committee on 

Quantity of Matter) / BIPM (Bureau 

International des Poids et Mesures)

Certified Reference Materials (CRM):

BAM, NMIJ, KRISS, NIST, IRMM, é
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ñClassicò methods of Surface Chemical Analysis
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Methods of Surface Chemical Analysis

Information

- Nano imaging possible!
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Surface Chemical Analysis and Traceability

Primary methods measuring amount of substance as 

[atoms/cm2, é]

Empirical methods measuring amount of substance after 

calibration as [fractions in a nano scaled surface layer, é]

Primary and empirical methods measuring amount of 

substance expressed as the thickness of a thin film [nm] 

Traceability to the mol and the length units is established
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Challenging areas for Surface Chemical Analysis as 

identified by SAWG/CCQM 

Microelectronics

Life sciences, bio-nano objects

Manufactured nano objects
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Microelectronics

ñPacemakerò for metrology and standardization 

in surface analysis during the last 40 years!
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Context: Development of Semiconductor Devices

Moore's Law
(18 M)
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Key Metrologies for 32 nm Device

Gate

DrainSource

Si-substrate

Poly-Si

100-200 nm

10-30 nm

Shallow Junction

Doped Junction

Gate oxide

International Technology Roadmap for Semiconductors  : 2005
Tech. Node                   :    > 70nm    > 40 nm     >  32 nm >  25 nm

(2006)         (2011)        (2013) (2015)
Gate Oxide Teq  Logic :    1.1 nm        0.7 nm       0.5 nm 0.5 nm
Junction Depth            :   15.4 nm     12.8 nm      10.4 nm 8 nm
Precision                      :      4%              4%               4% 4%

Thickness,

Quantitative

depth profile



VI.43: Surface and Thin Film Analysis 11

Methods for ultra thin film measurements

Method Strong Weak

TEM
- traceable to length unit

(lattice constant) 

- direct measurement

- capping is required

- determination of the positions of

surface and interface

- complicated sampling process

XRR
- traceable to length unit

(wavelength)

- no need of reference

- influenced by contamination (offset)

- positions of surface and interface

- < ~2 nm is impossible

HR-RBS

MEIS

- no need of reference

- non-destructive

- deterioration of resolution 

- high S/N

- TSiO2 > 10 nm is impossible

SE
- precise and repeatable

- in-process metrology

- contamination effect is large

- calibration is required

- high offset value

XPS
- TSiO2< 1 nm is possible

- offset value is 0

- reproducible 

- electron attenuation length

- thickness calibration is required

- TSiO2 > 10 nm is impossible 

LEXES
- TSiO2< 1 nm is possible

- offset value will be 0

- in-depth information

- thickness calibration is required



VI.43: Surface and Thin Film Analysis 12

Mutual calibration method for 

traceable ultra thin film (< 2 nm) measurements

XPS

SIMS

RBS

AES

Neutron Reflectivity

X-ray Reflectivity

Ellipsometry

TEM 

In-plane resolution

Character of information Amount of substance Thickness

High Low
Without TEM

Thickness 

CRMs > 2 nm
Calibration

Methods
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Traceable XRR for calibration at NMIJ

Major Uncertainties for Thickness by XRR Analysis:

Controlled sample flatness

Wave length ( = 2x10-4)

Parameter

10-3 nm

Angle  1.4 sec (random)

10 sec (shift)
10-3 nm
10-2 ~ 10-3 nm

Flatness > 10-1 ~ 10-3 nm

Repeatability 10-3 nm

Uncertainty Performance powered by

Flatness monitor

Angle Calibration System
(Jap. National Angle Standard)

0 2 4 6 8 10 12 14 16
-3

-2

-1

0

1

2

3

 

 

 (
s
e
c
o
n
d
)

2  axis(degree)

Controlled angle

0.1530 0.1535 0.1540 0.1545 0.1550

(=0.0002 nm)

0.1541 nm

0.1544 nm

K
1

K
2

 

 

Wave length (nm)

Wave 

length



VI.43: Surface and Thin Film Analysis 14
0 1 2 3 4 5 6

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

X
-r

a
y
 r

e
fl
e
c
ti
v
it
y

2ɗ/ɤ(°)

400ᴈ/15min in 

atmosphere

SiO2

Contam.

SiO2

Improved XRR performance by minimization of surface 
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method for 
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SAWG/CCQM: Results of Key Comparison K-32

ĂAmount of silicon oxide as a thickness of SiO2 on Siò

XPS uncertainties 0.068 é 0.252 nm

(100) 1.5 nm oxide
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Result of K-32: 1.5 nm SiO2 layer thickness can be determined 

by XPS at uncertainties low as 0.068 nm (= 4.5% rel.)

ISO TC 201
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Results of Key Comparison K-32
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Life sciences

Metrology and standardization at the bio surface: 

Beginning from the scratch!
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Metrology and standardization for quantitative 

surfaces analysis applied in life sciences

Context: By 2010, the global value of the nanobiotechnology sector will 

be between $170 billion and $210 billion. 

ÅMedical devices 

ÅPersonalised medicine

ÅNanomedicine 

ÅNanobiosafety

Specific requirements:

Å Identification, distribution and quantification of biomolecules at 

surfaces.

Å Immobilisation, orientation and structure of biomolecules at 

surfaces.

Å Function and activity of bio-molecules at surfaces.

Key areas:
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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. 

Often measurements need to be made by inference rather 

than by direct measurement.

Objects are extremely sensitive against damage by the 

measurement process.

Strong demands for in vitro and in vivo measurements.
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Example: Imaging of chemical substances in 

biological cells and tissues

Measurement objectives:

Substance identification, localization, quantification

Challenges:

Numerous and complex substances (ions, lipids, peptides, carbohydrates, é)

Wide range of relevant concentrations  and sample sizes

Biological variability
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Example: Biochip

Complex systems, length/depth scales from ~nm to ~µm. 

Functionality determined by surfaces and interfaces. 

Need for valid characterization methods combining 

spatial resolution,

ability to identify functional groups or molecules

and quantification.
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Example: Chemical Layout of a Saccharide Biochip

Layer 1

Layer 2

Layer 3

Issues:

Lateral homogeneity of layers

Density of  functional groups

Thickness of layers

Orientation of molecules?

Covalent bonds?

é

Glass slide with terminal OH groups


