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Foreword

The semiconductor industry of our country is increasing its importance as one of the fundamental
industries of modern society. Especially, the silicon-related technology must be further improved, because it
is the fundamental technology for higher density, higher integration, and higher performance of VLSI.

In recent years, attention has been paid to AFM, which can measure the roughness and level difference
on the silicon surface. Devices have been more integrated, and the gate oxide film has become thinner than
10 nm (nanometer). As a result, it is necessary to measure the roughness and level difference in 1 nm order,
with the increasing influence in the future. Under these circumstances, our Association established the
Working Group for height calibration in 1 nm order for AFM within “Wafer Measurement Standard Technical
Committee”, and has surveyed the calibration method and the measurement method for the past one year.

The semiconductor manufacturing/integration technologies have made a rapid progress in recent years.

Accordingly, the yield of final product depends on the micro-roughness in sub-nm order of silicon wafer
surface. The gate oxidation film is as thin as several nanometers, and the film thickness and level difference
must be measured reliably. Although Atomic Force Microscopy (AFM) can measure accurately the shape
and dimension of in nm order. However, we lack the calibration reference sample that is suitable for
measurement in nm region, and we are forced to use the instrument that has been calibrated by using a
larger height, apply extrapolation method, and take a measurement of nm and sub-nm order. Furthermore,
the value of micro-roughness of silicon wafer is contained in the specifications of wafer for commercial
transactions.

AFM is used for measurement of micro-roughness and level difference in 1 nm order on the surface of
solid represented by silicon. In this case, a reference is a universal, monoatomic step, which is observed on
(111) surface of silicon. This standard specifies the calibration method of height direction. Thus, this standard
permits a reasonable comparison of data between different devices/different measurement conditions.

Reduction of dispersion of measurement is also anticipated.

| am pleased, if this standard is used widely in every field and can serve as an aid for development of
electronics industries of our county.

Upon establishment of this standard, my grateful acknowledgement is expressed to the regulatory

authorities, companies, specialists, and committee members concerned for their guidance and cooperation.

July, 2002
Silicon Technologies Committee

Chairman, Yasuo Tarui
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Standard of Japan Electronics and Information Technology Industries Association

Height calibration in 1 nm order for AFM

1 Scope

This standard specifies the height calibrating method in 1 nm order for shape measurement of surface of
a solid by AFM.

2 Definition of term

The definitions of main terms used in this standard are as follows.

1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

AFM
The abbreviation for Atomic Force Microscopy.
Contact mode
The mode in which an image is obtained by pressing a probe onto a sample surface, by keeping
constant the repulsion forces received by a probe, and by scanning.
Dynamic mode
The mode in which an image is obtained by detecting the change of amplitude or frequency due to the
atomic force interacting with the surface when the cantilever is vibrated near the intrinsic frequency,
by keeping it constant, and by scanning. This mode is called also AC mode, dynamic force mode,
dynamic mode, and tapping mode.
Monoatomic step
The step that consists of height of two atomic layers on Si (111) surface is defined as a monoatomic
step. It is reported that the surface interval of (111) surface in a bulk is 0.31 nm.

(Annex 3 Bibliography (1))
Terrace
An flat region in terms of atomic level that exists between the steps defined in Item (4).
Sample for calibration
In this standard, Si (111) sample of such structure where the surface consists of a monoatomic step
and a terrace. (see Annexes 1 and 2)
Drift
Distortion of observation result of the entire system consisting of equipment and sample, which is
caused by mechanical, electrical, and thermal fluctuation over time.
X direction
The direction in which a line scan by a probe is performed at high speed against a sample.
Y direction

The direction in which the position of high-speed line scan is shifted stepwise at a right angle to X direction.

(10) Zdirection

The direction in which a probe is shifted in the direction of the normal to the surface. The height

direction of surface irregularity.
-1 -
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3. Measurement method of reference sample and calibration method

3.1

3.2

3.3

Outline

Measure a reference sample by AFM, flatten the terrace, and obtain the step height. Calibrate the
measured step height as 0.31 nm.

Selection of reference sample

The reference sample shall be produced or obtained by the method shown in Annexes 1 and 2, and
meet the following requirements. Steps shall be distributed unilaterally and uniformly over Si (111)
surface. The terrace between steps shall be flat. For this calibration, a suitable sample should have 4 to
5 monoatomic steps within the adequate range (for example: 0.5x 0.5 to 2x 2y mz), and have as few
transpositions as possible.

Operation

3.3.1 Preparatory operation

Perform the preparatory operation for the contact mode and the dynamic mode as follows.

(1) Cantilever

(A) Dynamic mode

(a) Select a cantilever that is exclusively dedicated for dynamic mode and commercially available. The
resonant frequency should be as high as possible (higher than 100 kHz). The material should be Si.

(b) Mount a cantilever and adjust an optical system.

(c) Measure Q-curve and confirm that a Q value is sufficiently high. Usually, 300 or higher Q values
are expected even in the atmospheric air. At this time, confirm the following matters. Any resonance
points other than the rated resonant frequency shall not exist over a wide frequency. Any significant
disturbance of waveform near the resonance point shall not exist after two frequency sweeps near
the resonance point.

(d) Set an excitation frequency at the place of slope where the amplitude is 70 to 80% of that of
resonance point in Q-curve. Set the reference voltage (amplitude under measurement) at about
50%. Set the excitation frequency at either a low-frequency side or point or high-frequency side.

(e) Set the vibration amplitude (the excitation voltage) such that the amplitude may not be saturated at
the resonance point. However, if the amplitude is increased excessively, the cantilever will be more
damaged. Excitation amplitude can be estimated by the following equation. “Excitation amplitude
Q-valuex excitation piezo sensitivityx excitation voltage.”

(B) Contact mode

(a) Select one of cantilevers for contact modes, whose spring constant is 0.1 to 10 N/m, and which is
not multichip (in which an image is observed to be shifted stepwise). Select one that can observe
shape raw data, because the shape of tip can affect sharpness of images. Materials should be SiN
system.

(b) Mount the cantilever and adjust an optical system.

(c) Setaload at 10 ® to 10 °N.



JEITA EM-3505

(2) Sample

(a) Place a sample on a sample stand so that the whole sample may not be much inclined. When
carbon paste etc. is used, start a measurement after it becomes fully dry. When a double-sided tape is
used, take care because some tapes cause much drift after they are fixed.

(b) Place a sample so that its measurement part may come to the center of the sample stand and
scanning may be performed near the center (where there are no expansion and no contraction) of X,
Y and Z axes of scanner used.

(c) Magnet holders etc. that can be rotated easily should be used to install a sample, because the step
direction is not known until the initial observation is finished.

(3) Equipment installation conditions

Take a measurement where a temperature change, a sound noise, and mechanical vibration of floor
are small.
The following installation environment is recommendable.
(a) Temperature: 15 to 28 and a temperature change shall be as small possible.
(b) Humidity: 70% or less
(c) Noise level : 60 dB or less
(d) Mechanical vibration of floor: Below 1x 10 *m/s® (<100 Hz) or less
3.3.2 Measurement
Take a measurement in the following sequence for both cases of dynamic mode and contact mode.

(1) Set the number of picture elements at 256x 256 (512x 512) and the scanning speed at one to several
Hz. Set Z servo constant (feedback parameter) and other measurement parameters. Take care so that
the signal may not be oscillated. The reciprocal profiles should be identical.

(2) After a step has been observed, rotate and reinstall a sample, or perform scan rotation so that a step
may become parallel to the Y axis (axis of ordinate) of an observation visual field.

(3) Scan first a comparatively large area (about 4x 4y m?), and look for the optimum measurement
location.

(4) Move to the optimum measurement location, and set a measuring range so that a scanning zone may
be narrowed (for example, 0.5x 0.5 to 2x 2y m?) and 4 to 5 monoatomic steps may be contained in a
measurement area.

(5) If “dust” and foreign matters are found in a measurement visual field, move a sample so that foreign
matters may not enter the visual field. When the moving distance is short, use the offset function of a
scanner and move the observation visual field instead.

(6) Store the measurement data.

(7) Repeat several round of observation with the same visual field, and confirm that there is no influence of
drift and/or creep. If any influence is found, it is necessary to perform a continuous operation for a long
time, and to stabilize the whole system.

(8) If it is judged that the electrostatic charge between a probe and a sample has affected measurement
data, remove the charge using ion shower, etc.

(9) Confirm that observation is free from influence of multichip (in which an image is observed to be shifted

stepwise). If it is judged that observation is influenced by multichip, replace a cantilever by a new one.

-3 -
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3.3.3 Height calibration
Height calibration shall be performed by either all-terrace technique or 3-terrace technique.
3.3.3.1 All-terrace technique

(1) Remove the data of the distorted part near an image (only when the distorted part is not automatically
removed).

(2) In order to make processing efficient, make a correction of drift in Y direction in all areas and display.

(3) Choose an adequate terrace and flatten in Y direction within a terrace.

(4) In the terrace chosen by (3), confirm the degree of flattening by the cross-sectional profile, and level off
X direction.

(5) Again, flatten in Y direction within the terrace chosen by (3).

(6) Draw a histogram of Z values of all picture elements. At this time, the sharper the peak is, the better.

(7) Calculate the surface interval from the each peak interval of the histogram.

(8) Assume that the average value of surface interval is Si (111) monoatomic step height of 0.31 nm.
Change parameters of the equipment. Alternatively, reconsider the analyzed values of the
corresponding data.

3.3.3.2 3-terracetechnique

(1) Remove the data of the distorted part near an image (only when the distorted part is not automatically
removed).

(2) In order to make processing efficient, make a correction of drift in Y direction in all areas and display.

(3) Choose an adequate terrace and flatten in Y direction within a terrace.

(4) In the terrace chosen by (3), confirm the degree of flattening by the cross-sectional profile, and level off
X direction.

(5) Again, flatten in Y direction within the terrace chosen by (3).

(6) Take out a range of 3 terraces. (This step may be skipped.)

(7) Draw a histogram of Z values of all picture elements. At this time, the sharper the peak is, the better.

(8) Calculate the surface interval between the terrace chosen by (3) and the adjacent upper and lower
terraces, respectively, from the histogram. Obtain the average of both.

(9) Select different terraces, and repeat steps (3) to (8), and obtain a surface interval, respectively.

(10) Assume that the average value of surface interval is Si (111) monoatomic step height of 0.31 nm.
Change parameters of the equipment. Alternatively, reconsider the analyzed values of the

corresponding data.
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Annex 1 Example of production method of reference sample

The silicon surface that has a step structure can be produced by heating silicon in a ultra high vacuum. The

surface structure is determined by the gap(misorientation angle) from the (111) surface of the silicon surface.

This height calibration method specifies that a suitable sample should have 4 to 5 monoatomic steps within

the of 0.5x 0.5 to 2x 2p mz). However, the production method has combinations of plural parameters. One

of them is illustrated as follows.

1)

)

®3)

(4)

(5)

Prepare Si (111) wafer that is slightly inclined (as flat as possible) in the [11-2] direction, and cut it in a
suitable size.

Wash it with acetone (this step may be skipped). Process it with sulfonated water, place it in a vacuum
chamber, and outgas it fully.

Keep it in ultrahigh vacuum (< 6.5x 10 ' Pa) at 1100 to 1200  for about 10 minutes.

(A heating method may be selected from among infrared heating, thermal heating, electron beam
heating, direct current heating, etc. In case of heating by direct passage of electric current, pay attention
to the temperature and dc current direction. )

Quench it rapidly down to the room temperature, fill the chamber with dry nitrogen gas and take it out to
the atmospheric air.

When it is stored in the atmospheric air, keep it at the room temperature and low humidity.

(inside of a drying desiccator etc.)

In addition, if the surface consists of the monoatomic step and the terrace, as is the case of an epitaxial

substrate, it can be used.

The Si (111) surface produced by the direct passage of electric current was observed in ultrahigh vacuum

with REM (Reflection Electron Microscope).and AFM. The results are as follows.

Annex 1 Fig.1 Annex 1 Fig.2
REM image of silicon surface AFM image of silicon surface
which has monoatomic steps which has monoatomic steps (0.45x 0.45u m?)

-5-
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Annex 2 Manufacturer of reference sample (reference)

Contact

NTT Advanced Technology Corporation
Center for Materials Analysis Technology

3-1, Morinosato-Wakamiya, Atsugi-shi, Kanagawa-ken, 243-0124, Japan

Tel : 046-250-3678
Fax: 046-250-1678

Part number: S-AFM-1

Specification: Si (111) monoatomic step
Step intervals  (a) About 0.1y m
(b) About 1y m

Either interval can be selected.

Note The above is an example of the product which can come to hand in a market. This information is what

was mentioned for a JEITA standard user's facilities, and dose not recommened this product.

Recommended storage method for reference sample
(1) Environment
The temperature of 15 to 28 and the humidity of 60% or less are recommended. Handle a reference
sample in a clean room as much as possible.
(2) General matters
Store a sample in the accompanying storage box.
In the environment where inactive gas (dry nitrogen etc.) always flows in a desiccator, the storage box is

not necessarily required.
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