View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by DigitalCommons@USU

Scanning Microscopy

Volume 3 | Number 4 Article 10

11-24-1989

Scanning Electron Microscope-based Metrological Electron
Microscope System and New Prototype Scanning Electron
Microscope Magnification Standard

Michael T. Postek
National Institute of Standards and Technology

Follow this and additional works at: https://digitalcommons.usu.edu/microscopy

b Part of the Biology Commons

Recommended Citation

Postek, Michael T. (1989) "Scanning Electron Microscope-based Metrological Electron Microscope
System and New Prototype Scanning Electron Microscope Magnification Standard," Scanning
Microscopy. Vol. 3 : No. 4, Article 10.

Available at: https://digitalcommons.usu.edu/microscopy/vol3/iss4/10

This Article is brought to you for free and open access by
the Western Dairy Center at DigitalCommons@USU. It
has been accepted for inclusion in Scanning Microscopy A

by an authorized administrator of DigitalCommons@USU. /\ . .
For more information, please contact élla' ,()Al UtahStateUniversity

digitalcommons@usu.edu. { MERRILL-CAZIER LIBRARY


https://core.ac.uk/display/397469732?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://digitalcommons.usu.edu/microscopy
https://digitalcommons.usu.edu/microscopy/vol3
https://digitalcommons.usu.edu/microscopy/vol3/iss4
https://digitalcommons.usu.edu/microscopy/vol3/iss4/10
https://digitalcommons.usu.edu/microscopy?utm_source=digitalcommons.usu.edu%2Fmicroscopy%2Fvol3%2Fiss4%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/41?utm_source=digitalcommons.usu.edu%2Fmicroscopy%2Fvol3%2Fiss4%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/microscopy/vol3/iss4/10?utm_source=digitalcommons.usu.edu%2Fmicroscopy%2Fvol3%2Fiss4%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/

Scanning Microscopy, Vol. 3, No. 4, 1989 (Pages 1087-1099)
Scanning Microscopy International, Chicago (AMF O'Hare), IL 60666 USA

Scanning Electron Microscope-based Metrological Electron Microscope System
and New Prototype Scanning Electron Microscope Magnification Standard

Michael T. Postek *
Microelectronics Dimensional Metrology Group
Precision Engineering Division
National Institute of Standards and Technology
Technology A-347
Gaithersburg, MD 20899

(Received for publication March 30, 1989, and in revised form November 24, 1989)

Abstract

A metrological electron microscope has been
developed at the National Institute of Standards and
Technology (NIST) traceable to national standards of
length, and a new prototype magnification standard
meeting the current needs of the scanning electron
microscope (SEM) user community has been fabri-
cated. This metrology instrument is designed to certity
standards for the calibration of the magnification of the
SEM and for the certification of artifacts for linewidth
measurement done in the SEM. The artifacts will be
useful for various applications in which the SEM is cur-
rently being used. The SEM-based metrology system
is now operational at the Institute, and its design
criteria and the progress on the characterization of the
instrument are presented. The design and criteria for
the new lithographically produced SEM low accelerat-
ing voltage magnification standard to be calibrated on
this system are also discussed.

Contribution of the National Institute of Standards
and Technology (formerly the National Bureau of
Standards). Not subject to copyright.

Certain commercial equipment is identified in this
report in order to adequately describe the experimental
procedure. Such identification does not imply recom-
mendations or endorsement by the National Institute of
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for the purpose.
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The National Institute of Standards and Technology
has had a continuing effort for over a decade to
develop feature-size measurement techniques and the
associated dimensional standards for the optical
microscope (OM). More recently, work began on a
scanning electron microscope (SEM) feature-size
measurement program specifically aimed at the
development and certification of SEM magnification
and linewidth standards and the associated techniques
for their calibration and use. This program has three
distinct tasks that have undergone simultaneous
development (Postek et al., 1987a). These tasks are:
(1) the development of an electron-beam metrology
microscope to satisfy specific metrology requirements
for certification of submicrometer dimensional stand-
ards, (2) the construction and certification of the actual
micrometer and submicrometer magnification and fea-
ture-size standards and (3) the development of the
computer models necessary to predict the accurate
location of the edge of feature-size standards on
image profiles obtained from the metrology SEM. In
1985, the initial phase of the development of an SEM-
based metrological microscope was reported (Nyys-
sonen and Postek, 1985). Since then, progress has
been made and the instrument is now functional and is
undergoing evaluation. Furthermore, a prototype mag-
nification standard has been fabricated. This presenta-
tion outlines some of the instrument design considera-
tions, progress on instrument characterization and
criteria for the development of the magnification stand-
ard.

The Instrument

The basis for the metrology microscope is a stand-
ard commercial scanning electron microscope
(equipped with a lanthanum hexaboride electron gun)
which has been modified to meet the specific needs of
standards calibration. The initial criteria and the con-
straints imposed on an electron beam metrology in-
strument have been discussed previously (Nyyssonen
and Postek, 1985). The basic principles of operation of
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Figure 2. (a) Isometric view of the metrology stage interferometer system. The drawing has been expanded in all
directions for clarity. (b) Overhead view of the stage interferometer system.

Teague, 1978; Young, 1984). The stage has been
designed such that the sample resides at a fixed 12
mm working distance below the final lens polepiece of
the instrument. The fixed working distance enables op-
timization of the interferometry to minimize any Abbé
offset error in the interferometric measurement.

The stage motion is tracked by optical laser inter-
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ferometry (Figure 2). The interferometers for both the
X and Y measurements are dual-pass plane mirror
(quad-beam) Michelson-type interferometers, (Baldwin
and Siddall, 1984) with a least count of 3.9 nm in the
present design but, with the potential of 2.5 nm with
improved electronics. The interferometer is mounted
directly in the vacuum chamber in order to minimize
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both the dead-path and any environmental influences.
The laser source is a Zeeman-stabilized He-Ne laser
which emits reference and measurement beams of or-
thogonal linear polarization separated by a frequency
of about 2 MHz. The mirrors reflecting the laser beam
back are mounted in X and Y to the piezo stage in
direct line with the sample. This minimizes any Abbé
offset errors. Displacement of the mirrors appears as
phase information on a radio-frequency carrier and is
detected by standard heterodyne techniques. The en-
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tire laser-interferometer stage unit is composed of two
joined sections: (1) the laser, the directing optics and
the receivers which are all external to the vacuum; and
(2) the interferometer optics, stage assembly and
sample which are all in the vacuum space of the
electron microscope (Figure 3). The entire stage is
removable from the vacuum as a unit in order to
facilitate all alignments before being installed within the
microscope chamber. All the adjustments have locks
so that once the stage has been placed into the
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vacuum no changes in alignment should occur. With
the laser interferometer stage retracted and a standard
goniometer specimen stage installed in the sample
chamber, the instrument can be used as a standard
SEM.

Presently, the laser-interferometer metrology stage
is designed around reflected-electron detection
(secondary and backscattered electrons) and meas-
urement. Modifications to the stage to enable both
reflected and transmitted electron detection are an-
ticipated in the future for the measurement of such
samples as x-ray mask artifacts (Postek et al., 1989c).

Stage Control and Data Acquisition Software

The stage control for positioning and data acquisi-
tion is fully computer controlled by a microcomputer
system (Figure 4). A "map" of the location of the edges
to be measured is loaded into the computer and the
measurements are made automatically. Data is taken
from the laser system electronics and the electron
detector electronics simultaneously and the data pairs
are stored in the computer. A reduced set of the data
for a pattern may be graphically displayed on the com-
puter for review and the complete set may be printed
out, stored to floppy disk, or transmitted to a larger
computer for analysis and computation.

Instrument Mounting

The entire column and the laser stage have been
placed on a vibration isolation table. The table is used
not only for vibration isolation but also for a broad
stable mounting platform for the laser interferometry.
Precision levelers on three of the legs maintain the
height of the table to = 0.254 mm and keep it level,
thus reducing any uneven forces which might be
caused by tilting. In this way, to a first approximation,
the entire SEM column, sample chamber, and inter-
ferometer metrology stage move as a unit in response
to vibration sources.

Vacuum System

The pumping station supplied with the SEM has
been replaced with a custom designed and fuily inter-
locked cryopump system. This system consists of a
standard commercial cryopump that has been vibra-
tion isolated through a series of isolation bellows. This
system was designed at NIST and has demonstrated
vibration levels equal to or lower than that of the tur-
bomolecular pumping station initially supplied. Two
other modifications to the system have also been im-
plemented. The first of these was to have the com-
pressor and cryopump motor modified to be capable
of being remotely turned off from the SEM console. In
this way, during the measurement sequence, the
cryopump could be turned off, thus eliminating any
residual pump-induced vibration. The second modifica-
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tion was to have the standard second stage array of
the cryopump replaced with an array composed of
lead rather than the standard material. The increased
thermal mass of the leaded array enables the system
to be "coasted" in the pump-off mode without appreci-
able loss of vacuum for approximately 30 minutes
before the compressor and motor need to be turned
on again to re-cool the pump. This is an adequate
amount of time in the pump-off mode for the an-
ticipated measurement sequence to be completed.

Microchannel-plate Electron Detection System

The laser-interferometer stage presents an impos-
ing structure in the SEM chamber and the sample is
designed to be located at a fixed 12 mm working dis-
tance from the polepiece of the final lens (Figures 4
and 5) therefore, no space remains for the standard
Everhart/Thornley (ET) electron detector (Everhart and
Thornley, 1960). The ET detector needed to be
replaced by an electron-detection unit mounted above
the stage within the available 12 mm of working dis-
tance. A solid-state backscattered electron detector
could have been used for this purpose but has limita-
tions (Postek et al., 1989a). Channe! electron multi-
pliers, channel-plates or microchannel-plates (MCP),
have been used in scanning electron microscopes for
several years (Hughes et al., 1967). More recently,
microchannel-plate detection systems have been used
for linewidth measurement applications (Russell, 1984,
Russell and Mancouso, 1985 and Russell, et. al., 1984)
and have been successfully used on a commercial
metrology instrument. Since no commercial system
(i.e., both detector and amplifier) was available for in-
stallation on the NIST instrument, a development pro-
gram was instituted to design and build an appropriate
system. A complete MCP system meeting the NIST
specifications was developed and has been described
elsewhere (Postek et al., 19839a). The MCP system
developed for this instrument mounts directly on the
SEM polepiece and is approximately 3.5 mm in thick-
ness. The detecting unit is composed of three
microchannel-plates and has a gain of approximately
108, The detector design enables either standard
secondary electron detection or the collection of only
backscattered electrons. Since the MCP detector be-
comes more efficient at lower accelerating voltages
(i.e., below about 5 keV) due to the more efficient con-
version of incoming electrons in the channels, low ac-
celerating voltage calibrations are possible of either the
secondary electron image or the backscattered
electron image. The backscattered electron image may
become more useful for linewidth metrology since it
has been recently demonstrated that surface structure
using low accelerating voltage backscattered electrons
as the imaging mechanism can be visualized with high




resolution (Postek et al., 1888b). Further work at NIST
is presently being done in this area.

Cathode Stabilized Power Supply

Accurate modeling of the electron beam/ sample
interactions requires that the accelerating voltage ap-
plied to the electron be known with reasonable certain-
ty. Some thermionic emission scanning electron micro-
scopes, due to their self-biasing electron gun design,
apply the chosen accelerating voltage directly to the
Wehnelt grid with the filament supplied through a bias
resistor. The voltage drop in the bias resistor is vari-
able and not easily measured, but may be adjusted
depending upon operating conditions. Therefore, the
accelerating voltage (i.e., filament to ground potential)
is not precisely known. The NIST metrology instrument
has had this system replaced by a cathode stabilized
high-voltage power supply added in order to control
this voltage (Figure 5). The cathode-stabilized power
supply has been fully incorporated into the SEM and is
fully interlocked for safety. This system also provides
another advantage in that it can be computer control-
led. With this system and the computer control
software developed at NIST, the filament can be auto-
matically saturated (or cooled) and the emission cur-
rent continually monitored for stability and automat-
ically adjusted as needed by adjustment of the current
applied to the filament.

Vibration Monitor

The level of vibration on the metrology stage will be
continually monitored using a commercial vibration
monitoring system. A miniature accelerometer will be
placed directly in the vacuum, permanently attached to
the specimen stage. Provision for isolated high-
vacuum feedthroughs have been made to effectively
transmit the signal to the analysis system. If the vibra-
tion specification is exceeded the measurement will be
stopped.

ificati rd Protot

The qualities necessary for a good SEM standard
have been discussed previously by several authors
(Ballard, 1972; Wells, 1974; Postek et al., 1987a). It
has been determined through numerous visits and dis-
cussions with those in the semiconductor and SEM in-
dustry that a new magnification standard must be
developed to supplement (not replace) the current
SEM magnification standard, SRM 484, and it must
meet all of the following general criteria:

1) The standard must be relevant to the needs
of the majority of the users. A relevant standard
must be able to be used on a wide variety of instru-
ments and over a wide range of magnifications (less
than 100x to over 300,000x). Therefore, a wide range
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Figure 5. Decade magnification calibration of an SEM.
(@) Ideal system where nominal magnification equals
actual magnification. (b) Decade system of magnifica-
tion calibration showing misadjustment between the
decades (this has been exaggerated in the Y direc-
tion). (c) Proper decade calibration where the gain of
the overall system can be adjusted higher or lower to
achieve the proper magnification (central line).
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measured with the interferometry is the piezo stage
motion and not the stepper motor motion. The stepper
motors are only used for coarse positioning.

P. E. Russell. What are the vibration levels generated
by the cryopumping system and how much are the
vibrations attenuated by the isolation system?

Author. An undampened cryopump can generate
vibration levels sufficient to prevent focusing of the
SEM image even at low magnifications. A great deal of
collaborative work between NIST, CTI Cryogenics and
AMRAY resulted in a vibration isolation system that
has attenuated the pump-induced vibration to such a
low level that the instrument can prove ultimate resolu-
tion (5.0 nm) in the pump-on mode with no visible
vibration present in the micrograph. This vibration
isolation technique will be the subject of a separate
publication.

P. E. Russell. What are the lithographic and deposi-
tion processes involved in the Mo-Silicide fabrication
used for the standard?

Author. The processing steps used to make the
prototype standard were discussed in Postek and
Tiberio (1988). This is essentially a lift-off process typi-
cally employed at the Nanofabrication Facility at Cor-
nell. The exact processing steps have little relevancy
since this may be site specific.

P. E. Russell. What is the vibration specification which
is referred to in the vibration monitor section and do
you have any means to measure the motion of the
specimen relative to the beam?

Author. The vibration specifications alluded to in that
section have not been determined as of yet because
more work is needed to determine what frequencies
are actually contributing to sample motion relative to
the electron beam and hence need to be monitored
during the certification process. It has been our ex-
perience that once the major contributors to this vibra-
tion have been eliminated the last 5% or less of the
ambient vibration is very difficult to measure. This
vibration is so low that it is buried in the noise of the
accelerometry systems available. This was studied
when the initial survey work associated with the
cryopump optimization was done. In all cases, it was
found that the image (if viewed properly) was a far
more sensitive vibration probe than the accelerometry.
We are actively exploring other techniques for more
sensitive vibration measurements using accelerometry.
Alternatively, we are working on a technique for the
measurement of the sample motion relative to the
electron beam directly and will be reporting on this
work at a later time.
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