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INTRODUCTION TO NOVEMBER 1990 ISSUE OF THE CEEE TECHNICAL PROGRESS BULLETIN

This is the thirty- first issue of a quarterly publication providing information on
the technical work of the National Institute of Standards and Technology (formerly
the National Bureau of Standards) Center for Electronics and Electrical Engineering.
This issue of the CEEE Technical Progress Bulletin covers the second quarter of
calendar year 1990.

Organization of Bulletin: This issue contains abstracts for all Center papers released
for publication by NIST in the quarter and citations and abstracts for Center papers
published in the quarter. Entries are arranged by technical topic as identified in

the table of contents and alphabetically by first author under each subheading within
each topic. Unpublished papers appear under the subheading "Released for Publication."
Papers published in the quarter appear under the subheading "Recently Published."
Following each abstract is the name and telephone number of the individual to contact
for more information on the topic (usually the first author) . This issue also includes
a calendar of Center conferences and workshops planned for calendar years 1990/1991
and a list of sponsors of the work.

Center for Electronics and Electrical Engineering: Center programs provide national
reference standards, measurement methods, supporting theory and data, and traceability
to national standards.

The metrological products of these programs aid economic growth by promoting equity
and efficiency in the marketplace, by removing metrological barriers to improved
productivity and innovation, by increasing U.S. competitiveness in international
markets through facilitation of compliance with international agreements, and by
providing technical bases for the development of voluntary standards for domestic and
international trade. These metrological products also aid in the development of
rational regulatory policy and promote efficient functioning of technical programs of
the Government.

The work of the Center is divided into two major programs: the Semiconductor
Technology Program, carried out by the Semiconductor Electronics Division in
Gaithersburg, MD, and the Signals and Systems Metrology Program, carried out by the

Electricity Division in Gaithersburg and the Electromagnetic Fields and Electromagnetic
Technology Divisions in Boulder, CO. Key contacts in the Center are given on the back
cover; readers are encouraged to contact any of these individuals for further
information. To request a subscription or for more information on the Bulletin, write
to CEEE Technical Progress Bulletin, National Institute of Standards and Technology,
Metrology Building, Room B-358, Gaithersburg, MD 20899 or call (301) 975-2220.

Center sponsors: The Center Programs are sponsored by the National Institute of
Standards and Technology and a number of other organizations, in both the Federal and
private sectors; these are identified on page 38.

Note on Publication Lists: Guides to earlier as well as recent work are the

publication lists covering the work of each division. These lists are revised and
reissued on an approximately annual basis and are available from the originating
division. The current set is identified in the Additional Information section, page
31.
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SEMICONDUCTOR TECHNOLOGY PROGRAM

Silicon Materials

Released for Publication

Thurber, W.R.
,

Ehrstein, J.R., and J.R.

Lowney, Comparison of High-Resistivity
Measurements of Silicon by AC Im-

pedance, DC Resistance, van der Pauw,

and Four-Probe Methods, to be published
as an Extended Abstract of the Fall

Meeting of the Electrochemical Society,

Seattle, Washington, October 14-19,

1990.

Resistivity measurements by different
techniques are compared for high- resis-

tivity silicon. The ac impedance method
is emphasized as it is seldom used for

silicon but has certain advantages for
high-resistivity material. Slices with
implanted and annealed surfaces were
measured by the impedance method and two-

terminal dc resistance. For material
with lapped surfaces, results were
obtained by ac impedance, van der Pauw,

and four-probe methods. The agreement
was within 5% for slices and ingot
sections greater than 0.1 cm in length
and resistivity above 5 kfl-cm.

[Contact: W. Robert Thurber, (301) 975-

2067]

Compound Semiconductor Materials

Recently Published

Littler, C.L., Seiler, D.G.
,
and Loloee,

M.R.
,
Magneto-Optical Investigation of

Impurity and Defect Levels in HgCdTe
Alloys, J. Vac. Sci. Technol. A, Vol. 8,

No. 2, pp. 1133-1138 (Mar/Apr 1990).

We have observed and described magneto-
optical transitions between impurity/
defect levels and conduction band Landau
levels for a variety of n-type HgCdTe
samples with 0.2 < x < 0.3. The activa-
tion energies of these levels fall into
two categories: (1) 10 to 12 meV above
the valence band edge

,
independent of Eg

and (2) two closely spaced levels at —0.5

Eg. In addition, the spectra of several

narrow-gap (Eg < 100 meV) samples exhibit
shallower and deeper acceptor- like
levels

.

[Contact: David G. Seiler, (301) 975-

2074]

Dimensional Metrology

Released for Publication

Postek, M.T.

,

Keery, W.J., and Fred-
erick, N.V.

,
Low-Profile Microchannel-

Plate Electron Detector System for SEM,
to be published in the Proceedings of
the Xllth International Congress for
Electron Microscopy, Seattle, Wash-
ington, August 12-18, 1990.

One main impetus of present-day scanning
electron microscopy is in the low ac-

celerating ' voltage mode. This mode of
operation is useful for nondestructive
inspection especially in the on-line
inspection and metrology of semiconduc-
tor samples. Today, the majority of the
scanning electron microscopes used in
nondestructive inspection utilize the

standard Everhart/Thornley (E/T) detec-
tor or a modification of this detector as

the main detection system. The E/T
detector, although extremely efficient,
suffers from poor signal- to-noise ratio
at low accelerating voltages. This type

of detector also suffers from alignment
difficulties especially where linewidth
measurement for semiconductor applica-
tions is concerned because of the uneven
distribution of the collection field
which is possible, especially if the

detector is not located in a plane of
symmetry of the specimen and electron
beam. These limitations and others have
recently led investigators to reconsider
the design of secondary electron detec-
tion systems, especially for low ac-

celerating voltage and metrological
applications

.

[Contact: Beverly Wright, (301) 975-

2166]

Recently Published

Postek, M.T.

,

Keery, W.J., and Freder-

ick, N.V.
,

Low-Profile High-Efficiency
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Dimensional Metrology (cont'd.)

MicroChannel -Plate Detector System for
Scanning Electron Microscopy Applica-
tions, Rev. Sci. Instrum., Vol. 61, No.

6, pp. 1648-1657 (June 1990).

A new design high-efficiency microchan-

nel-plate detector and amplification
system is described for use in the

scanning electron microscope. This

complete detector system consists of four

basic units: (1) the microchannel -plate
detector, (2) the video amplifier, (3)

the high-voltage power supply, and (4)

the control unit. The microchannel

-

plate detector system is efficient at

both high and low accelerating voltages,
and is capable of both secondary elec-

tron and backscattered electron detec-

tion modes. The size of the actual
detector is approximately 3.5 mm in

thickness and 25.4 mm in diameter. Thus,

use of this detector system permits using
almost all the sample chamber to accom-
modate large specimens with only the loss
of 3.5 mm of working distance. Another
feature is that this system also employs
a unique video amplifier where there are
no active elements at high voltage. The
microchannel -plate detector system
enables the investigation of secondary-
electron- induced contrast mechanisms and
backscattered electron detection at

extremely low accelerating voltages, even
those below 1.0 keV.

[Contact: Beverly Wright, (301) 975-

2166]

Potzick, J., Practical Photomask Line-
width Measurements, Proceedings of SPIE
(The International Society for Optical
Engineering, P.O. Box 10, Bellingham, WA
98227), Vol. 1261, Integrated Circuit
Metrology, Inspection, and Process
Control IV, pp. 114-122 (1990).

The measurement cycle for practical
accurate photomask linewidth measure-
ments is analyzed as a differential
measurement- -the linewidth to be measured
is compared to a known linewidth on a

standard photomask. The linewidth-

measuring instrument is thus a com-

parator. The conditions necessary for a

valid measurement are discussed with
regard to both the instrument and the

comparison process. The principles
discussed here apply to many other types
of measurement as well.

[Contact: Beverly Wright, (301) 975-

2166]

Power Devices

Released for Publication

Oettinger, F.F., and Blackburn, D.L.,
Semiconductor Measurement Technology:
Thermal Resistance Measurements

,
to be

published as NIST Special Publication
400-86.

This Special Publication reviews the

thermal properties of power transistors
and integrated circuits and discusses
methods for characterizing these proper-
ties. The discrete devices discussed
include bipolar transistors and metal-
oxide- semiconductor field- effect -tran-
sistors. Measurement problems common to

these devices, such as deciding the
reason a particular measurement is

required, adequate reference temperature
control, selection of a temperature

-

sensitive electrical parameter, and
separation of electrical and thermal
effects during measurement, are ad-

dressed. Due to the inherent difficul-
ties in measuring and analyzing the
thermal properties of active integrated
circuits, an approach using specifically
designed thermal test chips for evalua-
tion of new die attachment and packaging
schemes is finding wide acceptance in the
industry. In this Special Publication,
indirect (i.e., electrical) measurements,
direct (e.g., infrared) measurements, and
computer simulation techniques for
thermally characterizing integrated
circuits are discussed in terms of their
usefulness in characterizing VLSI pack-
ages .

[Contact: Frank F. Oettinger, (301) 975-

2054]
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Recently Published

Hefner, Jr., A.R.
,
An Investigation of

the Drive Circuit Requirements for the
Power Insulated Gate Bipolar Transistor
(IGBT), Conference Record, 21st Annual
Power Electronics Specialists Con-

ference (PESC '90), San Antonio, Texas,

June 10-15, 1990, pp. 126-137 (June

1990)

.

The drive circuit requirements of the

IGBT are explained with the aid of an
analytical model. It is shown that non-

quasi-static effects limit the influence
of the drive circuit on the time rate-

of- change of anode voltage. Model
results are compared with measured turn-

on and turn-off waveforms for different
drive circuits, load circuits, and
different IGBT base lifetimes.
[Contact: Allen R. Hefner, Jr., (301)
975-2071]

Photodetectors

Recently Published

Geist, J., and Schaefer, A.R.
,

Planar
Silicon Photosensors: An Overview,
Proceedings of the Third International
Forum on ASIC and Transducer Technol-
ogy, Banff, Alberta, Canada, May 20-23,

1990, pp. 32-38 (May 1990).

Planar silicon photosensor technology,
which is suitable for integrating photo-
sensors and circuits, is advancing in
four roughly orthogonal directions.
These are: 1) the accuracy with which
the photosensor output signal can be
related to the incident radiation, 2) the
level of integration as measured by the
number of photosensors in a system, 3)

the level of integration as measured by
the complexity of the processing of the
photosensor output signals before presen-
tation to a human observer or another
system, and 4) the complexity of the

photosensor structure. A brief overview
of each of these areas accompanied by
illustrative results is presented.

[Contact: Jon Geist, (301) 975-2066]

Device Physics & Modeling

Released for Publication

Tomizawa, M.
,

Ishibashi, T.
,

Bennett,
H.S., and Lowney, J.R., Verification of
Effective Intrinsic Carrier Concentra-
tions for Numerical Simulations of
Gallium Arsenide Bipolar Transistors.

Knowing how the effective intrinsic
carrier concentrations vary with doping
and carrier densities is essential for
predictive numerical simulations of
advanced, high-performance GaAs transis-
tors. Theoretical calculations for the
effective intrinsic carrier concentra-
tions, n^g, of GaAs at 300 K have been
verified experimentally for the first
time by measurements on devices. Two
GaAs homojunction bipolar transistors
with heavily doped bases and emitters
that have widths between 0.05 ^m and 0.45
pm were fabricated to compare measured
and predicted current -voltage charac-
teristics and dc common emitter gains.

The theoretical data for n^g were imple-
mented into a two-dimensional, drift-
diffusion simulator for these transis-
tors. The predicted gain of eight for
one of the transistors agreed very well
with its measured gain of nine. Without
using the new theoretical data for n^g,

the predicted gain would have been four.

The predicted gain of 25 for the other
transistor also agreed well with its

measured gain of 22. Without using the

theoretical data, the predicted gain for

the second transistor would have been 14.

Sensitivity analyses on mobilities,
lifetimes, and n^g show that correct n^g

values are very important for predictive
simulations of GaAs bipolar transistors.
[Contact: Herbert S. Bennett, (301) 975-

2053]

Recently Published

Seabaugh, A.C.

,

Mathias, J.J., and Bell,

M.I., Semiconductor Measurement Tech-
nology: EPROP: An Interactive FORTRAN
Program for Computing Selected Elec-
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Device Physics & Modeling (cont'd.)

tronic Properties of Gallium Arsenide
and Silicon, NIST Special Publication
400-85 (May 1990) .

A new computer program, EPROP (an acronym
for Electronic PROPerties) is presented
for use in interpreting measurements and
experiments on gallium arsenide and

silicon. EPROP computes a solution of

the charge balance equation in ther-

modynamic equilibrium for up to six

different impurities. The user supplies
the density, energy level, and degeneracy
for each impurity, and in response the

program returns as many as 28 output
parameters, such as the Fermi level,

carrier density, and ionized impurity
densities. These can be computed as

functions of the temperature (or recipro-
cal temperature) or the density, energy,

or degeneracy of any of the six possible
impurities. Listings can also be ob-

tained of various temperature -dependent
parameters, such as the bandgap, den-

sities of states, and effective masses.
The interactive features of the program
allow the user to send the output data to

any combination of destinations: a

terminal, a listing file, and/or up to

four graphic output files
,

all at the

user's direction. The user is also given
freedom and ability to customize the data
output to these destinations through
menu- driven controls. The program is

written in ANSI standard FORTRAN 77 and
has been successfully compiled and run on
both mainframe and microcomputers.
Documentation is provided to assist the

interested user in customizing the

program for special applications, ex-

tracting portions for use elsewhere, or
modifying the code to treat semiconduc-
tors other than silicon and gallium
arsenide

.

[Contact: David G. Seiler, (301) 975-

2044]

Insulators and Interfaces

Released for Publication

Kopanski, J.J., and Avila, R.E., Charge

Trapping in Cubic Silicon Carbide MIS
Capacitors, to be published in the

Proceedings of the ICACSC '90 Meeting,
Washington, D.C., April 11-13, 1990.

The charge trapping properties in the
insulator and at the insulator- SiC
interface of metal-insulator-semiconduc-
tor (MIS) capacitors on cubic SiC single
crystals have been studied. The inter-
face trap level density

' ^it» was deter-
mined by the high-frequency capacitance-
voltage technique and from the conduc-
tance-voltage behavior. The number of
active interface traps appears to in-

crease sharply in the range from room
temperature to 260 °C. SiC MIS capaci-
tors exhibit a slow- trapping instability
when subject to a stress voltage. The
bulk oxide trap density, Nq^, and 0^^. are

seen to increase during a voltage stress.
The conduction mechanism in thermal oxide
layers on SiC is limited by Fowler-
Nordheim emission with a barrier height
of 1.8 ± 0.1 eV.

[Contact: Joseph J. Kopanski, (301) 975-

2089]

Woicik, J.C., Bouldin, C.E., Bell, M.I.,
Cross, J.O., Tweet, D.J., Swanson, B.D.,
Zhang, T.M.

,

Sorensen, L.B., King, C.A.,
Hoyt, J.L., Pianetta, P., and Gibbons,
J.F., Conservation of Bond Lengths in
Strained GeSi Layers.

The combined techniques of X-ray absorp-
tion fine structure (EXAFS) and X-ray
diffraction have been used to study the
strain and bond distortions in epitaxial
GeSi on Si(OOl). In a 31%-Ge, 340-A
pseudomorphic GeSi film, the Ge-Ge and
Ge-Si first -neighbor bond lengths have
been found to be 2.44 ± 0.02 A and 2.38
± 0.02 A, respectively. The lattice
parameter perpendicular to the
GeSi/Si(001) interface has been found to

be -= 5.552 ± 0.002 A, in agreement
with the predictions of macroscopic
elastic theory. These results show that
the bond length strain in the epitaxial
layer appears in the second and higher
coordination shells, rather than in
the nearest -neighbor bond lengths which



Pape 6

Insulators & Interfaces (cont'd.)

CEEE Technical Progress Bulletin - November 1990

remain the same as in unstrained GeSi.

A microscopic model is presented which
accounts for these findings.
[Contact: Charles E. Bouldin, (301) 975-

2046]

Recently Published

Marchiando, J.F., Semiconductor Measure-
ment Technology: A Software Program for
Aiding the Analysis of Ellipsometric
Measurements, Simple Spectroscopic
Models, NIST Special Publication 400-84
(April 1990).

MAIN2 is a software program for the

analysis of spectroscopic ellipsometric
measurements. MAIN2 consists mainly of
subroutines written in FORTRAN that are
used to invert the standard reflection
ellipsometry equations for simple sys-

tems. Here, a system is said to be
simple if the solid material sample is'

characterized by models which assume at
least the following: (1) materials are
nonmagnetic: (2) samples exhibit depth-
dependent optical properties

,
such as one

with layered or laminar structure atop a

substrate that behaves like a semi-
infinite half-space; (3) layers are flat
and of uniform thickness; and (4) the
optical medium within each
ambient/layer/substrate is isotropic,
homogeneous, local, and linear. The
ambient region refers to that region of
space which lies external to the layer/-
substrate structure of the sample.
Usually, the ambient region involves a

medium of air or vacuiom. Each layer is

characterized by a thickness and a

dielectric function. The dielectric
function of a region, i.e., ambient,
layer, or substrate, is represented by
the Bruggeman effective medium
approximation (EMA) . Within the ElMA, the
effective medium of a region is charac-
terized by an aggregate mixture of
constituent media, and the dielectric
function of each constituent medium is

known a priori. The constituent dielec-
tric functions are taken from the litera-

ture. The ellipsometric equations are
formulated as a standard damped nonlinear
least- squares problem and then solved by
an iterative method when possible. The
program is sufficiently modular to allow
one to modify some of the models used in
the calculations.
[Contact: Jay F. Marchiando, (301) 975-

2088]

Packaging

Released for Publication

Oettinger, F.F., and Blackburn, D.L.,
Semiconductor Measurement Technology:
Thermal Resistance Measurements, to be
published as NIST Special Publication
400-86.

This Special Publication reviews the
thermal properties of power transistors
and integrated circuits and discusses
methods for characterizing these proper-
ties. The discrete devices discussed
include bipolar transistors and metal-
oxide -semiconductor field- effect -tran-
sistors. Measurement problems common to

these devices, such as deciding the

reason a particular measurement is

required, adequate reference temperature
control, selection of a temperature

-

sensitive electrical parameter, and
separation of electrical and thermal
effects during measurement, are ad-

dressed. Due to the inherent difficul-
ties in measuring and analyzing the

thermal properties of active integrated
circuits, an approach using specifically
designed thermal test chips for evalua-
tion of new die attachment and packaging
schemes is finding wide acceptance in the

industry. In this Special Publication,
indirect (i.e., electrical) measurements,
direct (e.g., infrared) measurements, and
computer simulation techniques for

thermally characterizing integrated
circuits are discussed in terms of their
usefulness in characterizing VLSI pack-

ages .

[Contact: Frank F. Oettinger, (301) 975-

2054]
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Other Semiconductor Metrology Topics

Released for Publication

Seiler, D.G.
,
and Littler, C.L., Narrow

Gap Semiconductors: Perspectives and
State of the Art, to be published in the

Journal of Research of the National
Institute of Standards and Technology,

The Semiconductor Electronics Division at

the National Institute of Standards and

Technology hosted an International
Conference on Narrow-Gap Semiconductors
and Related Materials in Gaithersburg,
Maryland on June 12-15, 1989. A brief
background on narrow- gap semiconductors
is given in this paper, along with an
overview of the conference itself. The
major section of this report is devoted
to highlights from each of the invited
papers in order to give a perspective on
this field of semiconductor research and
technology. The Conference Proceedings
will be published as a special issue of
Semiconductor Science and Technology (lOP
Publishing, Bristol, 1990).
[Contact: David G. Seiler, (301) 975-

2074]

SIGNALS & SYSTEMS METROLOGY PROGRAM

FAST SIGNAL ACQUISITION, PROCESSING, AND
TRANSMISSION

Waveform Metrology

Released for Publication

Bell, B.A. , Standards in Waveform Metrol-
ogy Based on Digital Techniques, to be
published in the Journal of Research of
the National Institute of Standards and
Technology

.

Over the last decade, the use of digital
synthesis and sampling techniques for
generating and measuring electrical
waveforms has increased dramatically with
the availability of improved digital- to-

analog and analog- to -digital converters
and related devices. With this evolution
has come the need for physical laboratory
standards and test methods to support the

performance specifications of digital
devices and the instruments in which they
are used. This article describes the

research and development at NIST of
several laboratory standards and test
systems that utilize "digital technology"
for characterizing data converters and
for implementing various waveform syn-

thesis and sampling instruments.
[Contact: Barry A. Bell, (301) 975-

2419]

Gans ,
W.L.

,
Dynamic Calibration of

Waveform Recorders and Oscilloscopes
Using Pulse Standards.

The purpose of this presentation is to

convince the reader/listener of two key
points. The first is that virtually no
one calibrates oscilloscopes or waveform
recorders properly and completely at
present. The second is that, in most
cases, the tools are now available to

perform these complete and proper cali-
brations when the application requires
it. After a brief introduction describ-
ing the current methods used to calibrate
oscilloscopes, the problems associated
with oscilloscope vertical channel
bandwidth testing are discussed and
illustrated. Then, a solution is de-
scribed that involves using pulse signals
and a NIST-developed deconvolution
algorithm.
[Contact: William L. Gans, (303) 497-

3538]

Recently Published

McKnight, R.H.
,
Lagnese, J.E., and Zhang,

Y.
,

Characterizing Transient Measure-
ments by Use of the Step Response and
the Convolution Integral, IEEE Transac-
tions on Instrumentation and Measure-
ment, Vol. 39, No. 2, pp. 346-352 (April
1990)

.

The convolution integral is used with
experimentally determined step responses
and analytic waveforms which represent
modifications to ideal waveforms ex-

pected in an experimental arrangement to

determine the suitability of a given
system for measuring waveforms of inter-
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Waveform Metrology (cont'd.)

est. Examples of the application of the

method to specific measuring systems are
presented.
[Contact: John E. Lagnese, (301) 975-

2423]

DC & Low Frequency Metrology

Released for Publication

Hamilton, C.A. ,
Kautz, R.L., Stieg, M.

,

Chieh, K. ,
Simmonds, M.B. ,

and Avrin,

W.F., A 24 GHz Josephson Array Voltage
Standard.

A Josephson array voltage standard that
operates at 24 GHz has been designed and
fabricated. Optimum selection of junc-
tion parameters makes possible step
stability times of 20 minutes, which is

more than adequate for calibrations at
the 1-V level. Designs using both probe
and finline microwave couplers were
tested. The probe coupler was about 3 dB
more efficient and allowed a smaller chip
and a less expensive mount. The reduced
operating frequency allows substantial
advantages in cost and reliability over
more conventional devices that operate at
70 to 100 GHz.

[Contact: Clark A. Hamilton, (303) 497-

3740]

Recently Published

Field, B.F.
,

The Calibration of dc
Voltage Standards at NIST, Journal of
Research of the National Institute of
Standards and Technology, Vol. 95, No.

3, pp. 237-253 (May-June 1990).

This document describes the procedures
used at NIST to calibrate dc voltage
standards in terms of the NIST volt.
Three calibration ser~vices are offered by
the Electricity Division: Regular
calibration service of client standard
cells at NIST; the Volt Transfer Pro-

gram, a process to determine the dif-

ference between the NIST volt and the
volt as maintained by a group of stan-
dard cells in a client laboratory; and

the calibration of client solid-state dc
voltage standards at NIST. The opera-
tional procedures used to compare these
voltage standards to NIST voltage stan-
dards and to maintain the NIST volt via
the ac Josephson effect are discussed.
[Contact: Bruce F. Field, (301) 975-

4230]

Fundamental Electrical Measurements

Recently Published

Cage, M.E., Marullo Reedtz
,
G., Yu, D.Y.

,

and Van Degrift, C.T., Quantized Dis-
sipative States at Breakdown of the
Quantum Hall Effect, Semiconductor
Science Technology, Vol. 5, pp. 351-354
(1990)

.

We report the breakdown of the nearly
dissipationless quantum Hall effect into
a set of distinct, quantized dissipative
states in a wide, high-quality
GaAs/AlGaAs sample. We found 35 dis-
sipative states accurately quantized in
fractional units of volts/tesla to within
our typical ±0 . 6 % measurement uncertainty
on the i = 2 plateau, and 9 are quantized
on the i - 4 plateau. The phenomena show
characteristics consistent with an
extension of the quasi-elastic inter-
Landau level scattering model of Eaves
and Sheard.
[Contact: Marvin E. Cage, (301) 975-

4248]

Williams, E.R.
,

High Accuracy Determi-
nation of the Fine Structure Constant
via Measurement of the Proton Gyromag-
netic Ratio, Bulletin of the American
Physical Society, Vol. 35, No. 4, p.

1069 (April 1990).

The latest experiment at the National
Institute of Standards and Technology to

measure the gyromagnetic ratio of the

proton in H2O, 7 'p, by the low- field
method has an uncertainty of 0.11 ppm for

7 'p (low). Using this experimental
result, a value for the fine structure
constant q'^ -= 137.0359840(51) (0.037 ppm)

can be calculated. The uncertainty in a

is limited by the uncertainty in the 7 'p
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Fundamental Elec . Measurements (cont'd.)

experiment. The most difficult part of

this experiment was constructing a 2.1-

m long solenoid with a precision of a few

urn, then measuring its critical dimen-
sions to 0.05 Instead of measuring
the wire locations, we measured the

location of the current placed in each
winding turn using the magnetic field
produced by the current in that turn. We

accurately measured the solenoid current
in terms of the Josephson volt and
Quantum Hall resistance. The resultant
magnetic field was uniform to 1 in 10^

over 7 -cm diameter sphere. The preces-

sion frequency was measured using NMR.

When this value of a is compared with
that obtained from the electron magnetic
moment anomaly, a^, using Dehmelt et
al.'s results and Kinoshita's calcula-
tion, we have one of the most precise
tests of QED theory. The difference
between the values of a obtained from a^

and 7 'p is (0.054 ± 0.038 ppm).

[Contact: Edwin R. Williams, (301) 975-

6555]

Williams, E.R. , Sheng, Y.
,

Olsen, P.T. ,

Elmquist, R.E., Ruimin, L. ,
and Jones,

G.R.
,

Latest Results of the Proton
Gyromagnetic Ratio in Water Plus Related
Experiments, Proceedings of the Interna-
tional Symposium on Electromagnetic
Metrology, Beijing, China, August 19-

22, 1989, pp. 165-169 (International
Academic Publishers, Beijing, 1989).

The results of the latest measurement
made at the National Institute of Stan-

dards and Technology of the proton
gyromagnetic ratio, 7p' (low)

,
are pre-

sented, and the resultant value of the

quantized Hall resistance, Rg, and the
fine structure constant, a, are compared.
A discussion of possible sources for the
(-0.102 ± 0.043) ppm discrepancy between
the absolute ohm and this measurement is

included along with a new method to

measure h/e^ by counting electrons in a

storage ring.
[Contact: Edwin Williams, (301) 975-

6555]

Crvoelectronic Metrology

Released for Publication

Hamilton, C.A., Kautz
,

R.L.
,

Stieg, M.
,

Chieh, K.
,

Simmonds, M.B., and Avrin,
W.F., A 24 GHz Josephson Array Voltage
Standard.

A Josephson array voltage standard that
operates at 24 GHz has been designed and
fabricated. Optimum selection of junc-
tion parameters makes possible step
stability times of 20 minutesf which is

more than adequate for calibrations at

the 1-V level. Designs using both probe
and finline microwave couplers were
tested. The probe coupler was about 3 dB
more efficient and allowed a smaller chip
and a less expensive mount. The reduced
operating frequency allows substantial
advantages in cost and reliability over
more conventional devices that operate at
70 to 100 GHz.

[Contact: Clark A. Hamilton, (303) 497-

3740]

Kautz, R.L.
,
and Martinis, J.M., Noise-

Affected I-V Curves in Small Hysteretic
Josephson Junctions.

We investigate the noise-affected I-V
curves of small-area Josephson junctions
through experiment, simulation, and
theory. In particular, we consider I-V
curves in which two different states of
finite voltage coexist at the same dc

bias: a high-voltage state that cor-

responds to the usual quasiparticle
branch and a low-voltage state which is

characterized by thermally- activated
phase diffusion. The observed hys-
teresis between the phase-diffusion and
quasiparticle branches cannot be ex-

plained within the context of the simple
RCSJ model but is explained by extended
models in which the damping increases
with frequency. Frequency -dependent
damping is shown to produce a qualita-
tive change in the attractors of the
noise -free system which allows the two
voltage states to be simultaneously
stable. This picture is confirmed by
Monte Carlo simulations which accurately
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reproduce the experimental I-V curves of
two different samples over a wide range

of temperatures. In addition, we develop
analytic expressions for three key
parameters of the I-V curve of junctions
displaying hysteresis between the phase-
diffusion and quasiparticle branches:

the initial slope of the phase-diffusion
branch and the bias levels at which the

junction switches back and forth between
the two branches

.

[Contact: Richard L. Kautz, (303) 497-

3391]

Recently Published

Sutton, E.C., Danchi, W.C., Jaminet,
P.A., and Ono, R.H.

,
A Superconducting

Tunnel Junction Receiver for 345 GHz,

International Journal of Infrared and
Millimeter Waves, Vol. 11, No. 2, pp.
133-150 (1990).

In this paper we discuss the design,
fabrication, and testing of a quasi-
particle tunnel junction receiver for use
at 345 GHz. The design employs small-
area Nb/Nb-oxide/PblnAu edge junctions in
order to keep the device capacitance
small and maintain a modest value for

wRfjC. For optimum noise performance and
beam properties

,
the mixer is contained

in a waveguide -mounting structure. Our
best sensitivity was obtained at 312 GHz
where we measured a double sideband (DSB)

noise temperature of 275 K. Noise
temperatures of 400 K (DSB) or better
were obtained out to 350 GHz.

[Contact: Ronald H. Ono, (303) 497-

3762]

Noise Metrology

Released for Publication

Wait, D.F., and Engen, G.F., Application
of Radiometry to the Accurate Measure-
ment of Amplifier Noise.

In response to the requirements of the
microwave community which it serves, a

calibration service for amplifier noise

is under development at the National
Institute of Standards and Technology
(NIST) . This paper includes a review and
makes certain extensions to the as-
sociated theory from the scattering
matrix context. Following this, the
application of the (highly developed)
NIST radiometers to the measurement
problem is outlined, and a preliminary
assessment of the probable accuracy is

given.

[Contact: David F. Wait, (303) 497-

3610]

Recently Published

Perera, S., A Simple Noise Calibration
Radiometer, Digest of the 1990 Con-
ference on Precision Electromagnetic
Measurements, Ottawa, Canada, June 11-

14, 1990, pp. 32-33 (1990).

A relatively inexpensive radiometer,
intended to serve the needs of a cali-
bration laboratory with a moderate
workload, was designed at NIST. It

utilizes heterodyning for broad frequen-
cy coverage, and a precision waveguide

-

below- cutoff attenuator to achieve a

null -balancing mode of operation. The
overall accuracy (with a primary cryogen-
ic standard attached) is about 2%.

[Contact: Sunchana Perera, (303) 497-

3546]

Wait, D.F., Counas, G.J., Kessel, W.

,

and
Buchholz, F.I., PTB-NIST Bilateral
Comparison of Microwave Noise Power in

Coaxial Transmission Line, Digest of the

1990 Conference on Precision Elec-

tromagnetic Measurements, Ottawa,

Canada, June 11-14, 1990, pp. 34-35

(1990)

.

The Physikalisch-Technische Bun-
desanstalt and the National Institute of
Standards and Technology have compared
microwave noise power in coaxial trans-

mission lines. Each laboratory measured
two solid state noise sources at 2.0 GHz,

4.0 GHz, and 8.0 GHz relative to their

primary thermal noise standards. The

agreement between laboratories is better
than 0.07 dB.
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[Contact: David F. Wait, (303) 497-

3610]

Laser Metrology

Released for Publication

Paulter, Jr., N.G.
,
and Majumdar, A., A

New Triple Correlation Technique for the

Measurement of Ultrashort Laser Pulses.

A new triple correlation technique for

the measurement of the complete inten-

sity profile of ultrashort optical pulses

is described. In general, the triple

correlation technique preserves the phase
information of the input pulse so that a

reconstruction of the triple-correlated
signal will provide a unique reconstruc-
tion of the input. The new technique
described here uses two second-order,
nonlinear optical interactions for the

generation of the triple correlation
signal. A derivation of the measured
triple correlation signal and the pulse
reconstruction is given. The effects of
noise on the measured signal are also
examined.
[Contact: Nicholas G. Paulter, Jr.

,

(303) 497-3806]

Anetnna Metrology

Released for Publication

Newell, A.C., Vlaxiax Near-Field Measure-
ments, to be published as NIST Techni-
cal Note 1339.

The various aspects of planar near- field
antenna measurements are developed and
described. These include a review of the

basic theory, a description of the

measurement techniques and data process-
ing procedures

,
a presentation of the

kinds of results available, and dis-
cussions of methods for determining
reliable estimates of error. Each of
these topics is treated in sufficient
detail to provide the information for
practical implementation of the near-
field technique.

[Contact: Allen C. Newell, (303) 497-

3743]

Microwave & Millimeter-Wave Metrology

Released for Publication

Daywitt, W.C., Determining Adapter
Efficiency from Swept Frequency Reflec-
tion Data.

A simple ANA swept frequency technique
for measuring adapter efficiency is

described. Calculations show that errors
arising from theoretical approximations
(excluding ANA measurement errors) are
around 0 . 004 dB for a common WR 42
waveguide- to -coaxial adapter.
[Contact: William C. Daywitt, (303) 497-

3720]

Daywitt, W.C., First Order Symmetric
Modes for a Slig^htly Lossy Coaxial
Transmission Line.

A complete set of fields are found that
satisfy Maxwell's equations to first
order in the normalized surface im-

pedance, Zg of the coaxial conductors.
The resulting characteristic admittance
and distributed line parameters are

calculated, where the distributed line
resistance is seen to be significantly
different from other calculations found
in the literature.
[Contact: William C. Daywitt, (303) 497-

3720]

Williams, D.F., Marks, R.B.

,

and Phil-

lips, K.R.

,

Translating Between LRL and
LRM Calibrations.

The Line -Reflect-Match calibration
technique (LRM) is reviewed. Unless the

match standard is perfect, calibration
using the most common form of LRM differs
from that of the Line -Reflect-Line
technique (LRL) . We present an explicit
transformation which relates the two

calibrations

.

[Contact: Dylan F. Williams, (303) 497-

3138]
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Recently Published

Daywitt, W.D. ,
First-Order Principal Mode

Fields and Distributed Line Parameters
for a Slightly Lossy Coaxial Trans-
mission Line, Digest of the 1990 Con-

ference on Precision Electromagnetic
Measurements, Ottawa, Canada, June 11-

14, 1990, pp. 404-405 (1990).

A complete set of first-order field
equations valid between the outer and
center conductors of a slightly lossy
coaxial line does not exist even with the

considerable history concerning coaxial
transmission line calculations. None of
the field expressions found in the

literature from Russell in 1909 to

Stratton in 1941 to Cardiol in 1987
displays a set of fields that will
satisfy Maxwell's equations to first
order in the skin depth or surface
impedance . The purpose of this summary
is to present a complete set of prin-
cipal mode field equations from which the
distributed line parameters can be
calculated to greater accuracy than
previously. However, only the dis-
tributed line resistance will be found to

be significantly different from the more
traditional estimates.
[Contact: William C. Daywitt, (303) 497-

3720]

Holt, D.R.
,
Determination of Scattering

Parameters with Respect to the Charac-
teristic Impedance of Precision Coaxial
Air-Line Standards, Digest of the 1990
Conference on Precision Electromagnetic
Measurements, Ottawa, Canada, June 11-

14, 1990, pp. 282-283 (1990).

Scattering parameter expressions with
respect to the characteristic impedances
in correspondence to the principal mode
are developed for the coaxial air line
standard. Dimensional variations of the
inner and outer conductors and skin
effect loss are included in the model.
The local characteristic impedance, which
is found from the stored energy prin-
ciple, is derived from the forward and

backward voltage and current waves of the
principal mode. Four sources of error
for js^il are discussed.
[Contact: Donald R. Holt, (303) 497-
3574]

Reeve, G.R. , Marks, R.B., and Blackburn,
D.L.

,
MMIC Related Metrology at the

National Institute of Standards and
Technology, Conference Record, IEEE
Instrumentation and Measurement Tech-
nology Conference, San Jose, Califor-
nia, February 13-15, 1990, pp. 196-199.

Last year, a program was instituted at
the National Institute of Standards and
Technology specifically directed at
developing improved metrology methods and
standards to support microwave monolithic
integrated circuit (MMIC) technology.
This paper describes how the program was
developed, the modes of interaction with
the industrial community and the DARPA
MIMIC initiative, and the particular
projects being undertaken which will
result in a more consistent measurement
base for those engaged in the design and
manufacture of MMIC devices.
[Contact: Gerome R. Reeve, (303) 497-

3557]

Weil, C.M., Marler, F.E., Major, J.R.,
Weidman, M.P., and Russell, D.H., Dual
Six-Port Reflectometer Systems Using
Waveguide in the Frequency Range 18-50

GHz [original title: Development of
Waveguide Dual Six -Port Systems for
Measurements in the Range 18 - 50 GHz],
33rd ARFTG Conference Digest, Long
Beach, California, June 15-16, 1989, pp.
76-87 (September 1989).

The development and evaluation of three
waveguide dual six-port reflectometer
systems, covering the frequency range 18

to 50 GHz, are discussed. These are
capable of automated or semi -automated
operation and will provide complex
scattering parameter data for customer
waveguide components, as well as effec-

tive efficiency data for power sensors.

Some representative measurement data are

presented which demonstrate that these

systems yield results that do not differ



CEEE Technical Progress Bulletin - November 1990 Pa^e 13

Microwave & Millimeter-Wave (cont'd.)

significantly from those obtained using
older measurement systems. Some discus-
sion of measurement uncertainties is also

included.
[Contact: Claude M. Weil, (303) 497-

5305]

Optical Fiber Metrology

Released for Publication

Mechels, S., and Young, M. ,
Video Micro-

scope with Sub-Micrometer Resolution.

We have constructed and evaluated a video
microscope with a 150 x 150 ^m field of
view for performing optical fiber geome-

try measurements. The microscope con-

sists of a frame- transfer video camera,

condensing and filtering optics, a 40X,

0.65 NA microscope objective, and frame

digitizing electronics. Using simple
digital algorithms, we measure distance
with a random uncertainty of about 70 nm
across the full field of view, but width
measurements suffer from a systematic
error between 0.1 and 0.2 /xm.

[Contact: Matt Young, (303) 497-3223]

Young, M. , Standards for Optical Fiber
Geometry Measurements, to be published
in the Technical Digest of the 1990
S 3nnposium on Optical Fiber Measure-
ments, Boulder, Colorado, September 11-

12, 1990.

This publication is a preliminary report
on NIST efforts to develop a standard of
optical fiber diameter. We are develop-
ing a contact micrometer and a scanning
confocal microscope in order to measure
a diameter precisely within 0.1 /xm or

less. We have studied video microscopy
and concluded that we can make measure-
ments with enough precision, but that a

small correction will have to be ef-

fecte.d to get the required accuracy.
[Contact: Matt Young, (303) 497-3223]

Recently Published

Franzen, D.L.
,
Measurement Standards to

Support Photonics Technology, Con-

ference Record, IEEE Instrumentation and
Measurement Technology Conference, San
Jose, California, February 13-15, 1990,

pp. 326-328 (1990).

Standards to support the emerging photon-
ics/lightwave technology industry can be
classified into two groups: physical
primary standards maintained by national
standards laboratories and standard
measurement procedures agreed upon by
domestic and international voluntary
standards bodies. The measurement of
absolute optical power leads the priori-
tized list of primary standards needs.
The progress at the National Institute of
Standards and Technology (NIST) toward
the development and distribution of
optical power and other primary standards
is reviewed. Standard measurement
procedures to characterize fiber, cables,
sources, detectors, and lightwave systems
have been the focus of domestic and
international standards bodies for the
past decade. The interaction between
NIST and these standards groups to

evaluate the precision and accuracy of
several test methods is reported. In
some cases, the evaluations resulted in
technical changes to commonly accepted
practices

.

[Contact: Douglas L. Franzen, (303) 497-

3346]

Electro-Optic Metrology

Released for Publication

Boisrobert, C.Y., Franzen, D.L.

,

Daniel-
son, B.L., and Christensen, D.H.

,

Low
Coherence Optical Reflectometry of Laser
Diode Waveguides.

Laser diodes are probed using limited
coherence white light interferometry.
Front and back facet reflections are
located within 10 /xm.

[Contact: Christensen Y. Boisrobert,
(303) 497-5952]

Gallawa, R.L.

,

Goyal, I.C., Tu, Y. , and
Ghatak, A.K.

,

Optical Waveguide Modes;
An Approximate Solution Using Galerkin's
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Method. Part 2: Laguerre-Gauss Basis
Functions

.

We use the Laguerre -Gauss functions with
Galerkin's method to find approximate but
accurate modal solutions to the scalar
wave equation. Our solution is well
suited to finding the eigenvalues for

optical fibers with circularly symmetric
index profiles. For noncircular geome-

try, the use of Hermite-Gauss basis
functions is more appropriate, as dis-

cussed in Part 1. The method used here
is restricted to two-region geometries
consisting of a circular core in which
the refractive index is arbitrary and a

cladding with constant refractive index
extending to infinity in the radial
direction. We use the step index optical
fiber, which has a known exact solution,
to test the method.
[Contact: Robert L. Gallawa, (303) 497-

3761]

Goyal, I.C., Gallawa, R.L.
,
and Ghatak,

A.K. ,
A New Method of Analyzing Planar

Optical Waveguides.

We present a new approximate solution of
the scalar wave equation for planar
optical waveguides with arbitrary refrac-
tive index profiles. Test calculations
are done for an index profile with a

known solution. The comparison demon-
strates the accuracy of our method. The
method may also be applied to circularly
symmetric optical fibers.
[Contact: Robert L. Gallawa, (303) 497-

3761]

Hickernell, R.K.

,

Veasey, D.L.

,

and Aust,
J.A., Spatial Resolved Measurement of
High Attenuation in Integrated Optic
Polarizers, to be published in the

Technical Digest of the 1990 Symposium
on Optical Fiber Measurements, Boulder,
Colorado, September 11-12, 1990,

We present a method for measuring high
attenuation in integrated optic polar-
izers made by depositing absorbing
overlayers on channel waveguides. Based

on the photothermally induced deflection
of a probe laser beam, the technique
permits in- situ probing along the length
of a single guide to measure attenuation
on the order of 1000 dB/cm. High spatial
resolution of loss variation is achieved.
The measurement is not limited by the
irreproducibility of input coupling and
is minimally affected by depolarization
in the coupling optics. We fabricated
both TE- and TM-pass polarizers by
depositing a layer of hydrogenated
amorphous silicon on ion-exchanged glass
waveguides and etching to the proper
thickness. Loss as high as 760 dB/cm was
measured for TM-polarized input at a

wavelength of 632.8 nm. We also report
the measurement of loss in metal-clad
titanium- indiffused lithium niobate
waveguide polarizers.
[Contact: Robert K. Hickernell, (303)
497-3455]

Patterson, R.L. , Rose, A.H.

,

Tang, D.
,

and Day, G.W., A Fiber-Optic Current
Sensor for Aerospace Applications

,
to be

published in the Proceedings of the

Intersociety Energy Conversion Engineer-
ing Conference, Reno, Nevada, August 12-

17, 1990, and also as NASA Tech. Memo,
Vol. TM 103-152.

A robust, high- accuracy
,

broad-banded,
alternating current sensor using fiber
optics is being developed for space
applications at power frequencies as high
as 20 kHz. It can also be used in low-

and high-voltage 60-Hz terrestrial power
systems and in 400-Hz aircraft systems.
It is intrinsically EMI immune and has
the added benefit of excellent isolation.
The sensor uses the Faraday effect in

optical fiber and standard polarimetric
measurement techniques to sense electri-
cal current. The primary component of

the sensor is a specially treated coil of

single -mode optical fiber, through which
the current-carrying conductor passes.
Improved precision is accomplished by
temperature compensation via signals from

a novel fiber-optic temperature sensor
embedded in the sensing head. This paper
reports on the technology contained in

the sensor and also relates the results
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of precision tests conducted at various
temperatures within the wide operating
range. It also shows the results of

early EMI tests.

[Contact: Allen H. Rose, (303) 497-

5599]

Peng, F. ,
Ho, P-T. ,

Granatstein, V.L.
,

Peckerar, M. ,
and Comas, J., Investiga-

tion of Far-Infrared Radiation from an
InSb Thin Film Device.

Far- infrared radiation with wavelengths
between 200 ^m and 600 /xm was studied
from devices made of both MBE- grown InSb

and thinned InSb placed in a magnetic
field. While no amplification by stimu-

lated emission was evident, variation of
the radiation with bias, magnetic field,

and electron injection direction was
observed. Power levels of 100 nW/cm^ to

100 /iW/cm^ were obtained. Improvements
required to achieve lasing are discussed.
[Contact: James Comas, (301) 975-2061] .

Rose, A.H.
,

Deeter, M.N. , Tang, D.
,
and

Day, G.W.
,
Performance and Limitations

of Faraday Effect Sensors, to be pub-
lished in the Extended Abstracts of the
178th Meeting of the Electrochemical
Society, Seattle, Washington, October
14-19, 1990.

Sensors that use the Faraday effect to

measure electric current and magnetic
fields are becoming more prevalent
because of their sensitivity, bandwidth,
stability, and ability to operate in the

presence of high voltage or EMI . They
are now routinely used to measure large
current pulses and are becoming avail-
able to the power industry. They can
measure currents from milliamperes to

mega- amperes and magnetic fields in the
nanotesla range. Their size has been
reduced and stability increased. Their
speed is limited by material effects or
transit time, but often extends to

hundreds of megahertz.
[Contact: Allen Rose, (303) 497-5599]

Tang, D.
,

Rose, A.H.
,

and Day, G.W.
,

Practical Considerations in the Design
of Optical Fiber Current Sensors, to be
published in the Proceedings of the

International Congress on Optical
Science and Engineering, The Hague,
Netherlands, March 3, 1990.

While current sensors based on the

Faraday effect in bulk materials have
shown good success in field tests, the

use of single mode fiber as the sensing
element has both technical and economic
advantages . In this paper we describe
some of the practical problems that have
inhibited the development of fiber
current sensors. Recent research sug-
gests that most of these problems,
including especially the problem of
linear birefringence in the sensing
coils, can be solved. Instruments
providing a measurement quality ap-

proaching that set by fundamental materi-
al parameters can now be achieved.
[Contact: Allen Rose, (303) 497-5599]

Veasey, D.L.
,

Larson, D.R. , and Batch-
man, T.E., In-Situ Optimization of
Coupling to Semiconductor Claddings from
Dielectric Waveguides.

We have experimentally verified the
periodic dependence of coupling between
lossless modes of dielectric waveguides
and lossy modes supported by semiconduc-
tor waveguide claddings as a function of
cladding thickness. Results were ob-

tained by the in- situ monitoring of
attenuation during the growth and etching
of hydrogenated amorphous silicon on
polarization -preserving

,
D- shaped

,

optical fiber. Strong correlation exists
between theoretically predicted and
experimental results for both TE and TM
polarizations. The attenuation-monitor-
ing technique allows for precise control
of waveguide -cladding characteristics so
that clad-waveguide devices, such as

polarizers and detectors, can be op-

timized for better performance.
[Contact: David Veasey, (303) 497-3439]

Veasey, D.L.

,

Larson, D.R., Phelan, Jr.,
R.J., and Batchman, T.E., Semiconductor
Claddings on Glass Channel Waveguides
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for Polarizers and Detectors, to be

published in the Proceedings of the

Optical Society of America Annual
Meeting, Boston, Massachusetts, Novem-
ber 4-9, 1990.

TE and TM polarizers and polarization
sensitive detectors were fabricated by
cladding glass channel waveguides with
hydrogenated amorphous silicon. Extinc-

tion ratios as high as 48 dB have been
observed for the TE-pass device and up to

34 dB for the TM-pass device.
[Contact; David L. Veasey, (303) 497-

3439]

Recently Published

Day, G.W., Veeser, L.R.
,
Chandler, G.I.,

and Cernosek, R.W. , Progress in the
Design of Optical Fiber Sensors for the
Measurement of Pulsed Electric Cur-
rents, Proceedings of the Workshop on
Measurement of Electrical Quantities in

Pulse Power Systems, Gaithersburg,
Maryland, March 5-7, 1986, pp. 58-63

(1988)

.

The state of the art in the design of
fiber sensors for pulsed electric cur-
rents is reviewed. Some of the more
useful configurations are described and
compared. Transfer functions are com-
puted and used to illustrate the effect
of linear birefringence and twisting on
the characteristics of the sensors. The
technique of annealing bend- induced
birefringence is described and its

present capabilities indicated. An
analysis of the ultimate limits to noise
equivalent current is given, suggesting
that several orders of magnitude improve-
ment should be obtainable.
[Contact: Gordon W. Day, (303) 497-

5204]

Franzen, D.L., Measurement Standards to
Support Photonics Technology, Con-
ference Record, IEEE Instrumentation and
Measurement Technology Conference

,
San

Jose, California, February 13-15, 1990,

pp. 326-328 (1990).

Standards to support the emerging photon-
ics/lightwave technology industry can be
classified into two groups: physical
primary standards maintained by national
standards laboratories and standard
measurement procedures agreed upon by
domestic and international voluntary
standards bodies. The measurement of
absolute optical power leads the priori-
tized list of primary standards needs.
The progress at the National Institute of
Standards and Technology (NIST) toward
the development and distribution of
optical power and other primary standards
is reviewed. Standard measurement
procedures to characterize fiber, cables,
sources, detectors, and lightwave systems
have been the focus of domestic and
international standards bodies for the
past decade. The interaction between
NIST and these standards groups to

evaluate the precision and . accuracy of
several test methods is reported. In
some cases, the evaluations resulted in
technical changes to commonly accepted
practices

.

[Contact: Douglas L. Franzen, (303) 497-

3346]

Ghatak, A.K.

,

Goyal, I.C., and Gallawa,
R.L.

,

Mean Lifetime Calculations of
Quantum Veil Structures: A Rigorous
Analysis, IEEE Journal of Quantum
Electronics, Vol. 26, No. 2, pp. 305-

310 (February 1990)

.

A matrix method is described which will
be applicable to an arbitrary potential
variation represented by a set of linear
functions, e.g., multiple -quantum-well
structures in the presence of a static
electric field. An analytical expres-
sion for the mean lifetime of the quasi-
bound state of a single quantum well in

the presence of a static electric field
has been obtained.
[Contact: Robert L. Gallawa, (303) 497-

3761]

Goyal, I.C., Gallawa, R.L.

,

and Ghatak,

A.K.
,
Bent Planar Waveguides and Whis-

pering Gallery Modes; A New Method of
Analysis [original title: A New Method
of Analyzing Bent Planar Waveguides
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Including the Effect of Whispering
Gallery Modes] ,

Journal of Lightwave
Technology, Vol. 8, No. 5, pp. 768-774

(May 1990) .

A new matrix method is used to analyze
bent planar optical waveguides. The
method is a modification of the numeri-
cal analysis matrix method for planar
waveguides developed by Ghatak and
colleagues at the Indian Institute of
Technology, New Delhi (IIT), and may be

used with absorbing or leaky structures.
The new method is a refinement in that a

nonuniform refractive index is approxi-
mated by a series of linear profiles
rather than by a series of uniform
profiles . The method is used to analyze
a bent planar waveguide, yielding bend
loss directly. The effect of "whis-

pering-gallery" modes has also been stud-
ied. The new results suggest that the
whispering- gallery explanation advanced
previously by the IIT team may not be
adequate

.

[Contact: Robert L. Gallawa, (303) 497-

3761]

Obarski
,

G . E . ,
Wavelength Measurement

System for Optical Fiber Communications
[original title: A Wavelength Standard
for Optical Communications], NIST
Technical Note 1336 (February 1990)

.

A wavelength standard in the form of a

lambdameter is described for measurement
of single-mode sources used in optical
fiber communications. The sources of
interest are mainly diode lasers emit-
ting at 1.3 and 1.5 /im, but the system
can be used in the near IR and red
regions of the spectrum. Accuracy in

wavelength measurement is verified to be
<0.1 ppm at the 0.63-/im HeNe line by
comparing separately each of two ad-

jacent modes from a polarization-frequen-
cy-stabilized HeNe laser with a single
mode from a second polarization- frequen-
cy- stabilized HeNe laser. Wavelength
instability of a commercially packaged
1.52-/im distributed- feedback diode laser
was measured to be in the range ±1 ppm.

[Contact: Gregory E. Obarski, (303) 497-

5747]

Sanford, N.A.
,

Hickernell, R.K.
,

and
Craig, R.M.

,
Photorefractive Insta-

bilities in Proton- Exchanged Waveguides:
Two-Wave Coupling and Chaos, 1990
Technical Digest Series, Vol. 5, 1990
Topical Meeting on Integrated Photonics
Research, Hilton Head, South Carolina,
March 26-28, 1990, pp. 91-92 (1990).

Forward and self- seeded backward waves in
proton- exchanged waveguides exhibit
repetitive transient coupling with a

threshold of tens of milliwatts at 1064
nm. A time series of the quasi-periodic
coupling suggests intermittency as a

route to chaos

.

[Contact: Norman A. Sanford, (303) 497-

5239]

Sanford, N.A. , Malone, K.J., and Larson,
D.R. , An Integrated-Optic Laser Fabri-
cated by Field-Assisted Ion Exchange in
Neodymium- Doped Soda-Lime-Silicate
Glass, Optics Letters, Vol. 15, No. 7,

pp . 366-368 (April 1, 1990). [Also to

be published in the Proceedings of the
1990 Integrated Photonics Research
Conference, Hilton Head, South Carolina,
March 26-28, 1990]

.

A continuous -wave channel waveguide laser
operating at 1057 ^m has been fabricated
in neodymium- doped soda-lime silicate
glass by field-assisted ion exchange.
Threshold for pumping at 528 /xm is 31 mW.

Slope efficiency is 0.5%.
[Contact: Norman A. Sanford, (303) 497-

5239]

Schlager, J.B., Yamabayashi, Y.
,

and
Franzen, D.L., Recirculating Pulse
Erbium-Fiber Ring Amplifier, Technical
Digest, Optical Fiber Communication
Conference, San Francisco, California,
January 22-26, 1990, p. 198 (1990).

Erbium-doped fiber amplifiers have
produced up to a 34-dB optical gain at
1536 nm. Further increases in gain are
accompanied by an increase in amplified
spontaneous emission (ASE)

,

which satu-
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rates the amplifier. This paper de-

scribes a gated erbium- fiber ring ampli-
fier which avoids the problem of ASE
buildup and unwanted feedback. Moreover,
a large effective gain can be realized
from a small single pass gain by recir-
culating the pulse through the amplifier.

[Contact: John B. Schlager, (303) 497-

3346]

Tu, Y.
,

Gary, J., Goyal, I.C., and
Gallawa, R.L.

,

A Numerical Method for
Wave Propagation in a Nonuniform Optical
Waveguide, National Radio Science
Meeting Abstracts, sponsored by USNC/-
URSI in cooperation with the Institute
of Electrical and Electronics Engineers
and the University of Colorado, Boulder,
Colorado, January 3-5, 1990, p. 261

(1990)

.

We propose an efficient numerical method
to solve for the electromagnetic fields
propagating in an optical waveguide that
is nonuniform in the direction of propa-
gation (z -direction) as well as in the
transverse direction. In this method,
the electromagnetic field is first
expanded in terms of the Hermite-Gaussian
basis functions. The scalar Helmhotz
equation is then converted into matrix
equations using the orthogonal colloca-
tion method. The incident field is

sampled at the collocation points as the

initial condition. Axial propagation is

then determined by solving the matrix
equations numerically, using the Runga-
Kutta method.
[Contact: Robert L. Gallawa, (303) 497-

3761]

Tu, Y.

,

Goyal, I.C., and Gallawa, R.L.,
A Comparison of Two Numerical Techlques
for Planar Optical Waveguides of
Arbitrary Refractive Index, National
Radio Science Meeting Abstracts, spon-
sored by USNC/URSI in cooperation with
the Institute of Electrical and Elec-
tronics Engineers and the University of
Colorado, Boulder, Colorado, January 3-

5, 1990, p. 260 (1990).

In this paper we determine the eigen-
functions and eigenvalues for optical
waveguides having nonuniform refractive
index profiles in the transverse direc-
tion using two recent techniques. In one
technique, we solve the scalar wave
equation by expanding the fields in a

Fourier series. The expansion is then
used to develop matrix equations that
result when the waveguide is approxi-
mated by a series of rectangular ele-
ments of constant refractive index. Far
from the core region, artificial boun-
daries are imposed to require that the
fields vanish at those boundaries. The
propagation constant and field distribu-
tion are then found by solving the
eigenvalue and eigenfunction problems.
[Contact: Robert L. Gallawa, (303) 497-

3761]

Electromagnetic Properties

Released for Publication

Baker-Jarvis
,
J.R., Transmission/ Reflec-

tion and Short-Circuit Line Permit-
tivity Measurement Methods, to be pub-
lished as an NIST Technical Note.

The transmission/reflection and short-
circuit line methods for measuring
complex permittivity are examined.
Equations for permittivity are developed
from first principles. New robust
algorithms are presented that eliminate
the ill -behaved nature of the commonly-
used transmission/reflection method at

frequencies corresponding to integer
multiplies of one -half wavelength in the

sample, thereby allowing measurements to

be made on samples of any length. An
error analysis is presented which yields
estimates of the errors incurred due to

the uncertainty in scattering para-
meters, length measurement, and ref-

erence plane position. It is found using
the equations derived herein that the

minimum uncertainty for transmission/re-
flection measurements occurs at integer
multiplies of one -half wavelength in the

material. In addition, new equations are
derived for determining complex permit-
tivity independent of reference plane
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position and sample length. New equa-

tions for permittivity determination
using the short-circuit line are derived
which allow positioning the sample
arbitrarily in the sample holder.
[Contact: James R. Baker-Jarvis

, (303)

497-5621]

Geyer, R.G., Janezic, M.
,
Kissick, W.A.

,

and Baker-Jarvis, J.R., Preliminary
Microwave Complex Permittivity Measur-
ements of Heavy-Metal Fluoride Glasses,

to be published in the Proceedings of

the Third DoD Symposium of Electro-

Magnetic Windows, Redstone Arsenal,
Huntsville, Alabama, November 14-16,

1989.

Heavy-metal fluoride glasses possess a

broad transparency range from mid-

infrared to near-ultraviolet and are of
interest as materials for laser windows,
IR domes, lenses, filters, and mid-IR
optical fibers. The microwave transmis-
sion characteristics of these glasses are
also important because of their potential
use for dual mode electromagnetic win-
dows. The transmission/reflection method
in coaxial line, supplemented by high Q,
mode- filtered TEq^p cylindrical cavity
measurements

,
was used for complex

permittivity determinations between 0.5
and 11.0 GHz. On the basis of these
early findings, fluorozirconate glasses
are about one order of magnitude more
lossy at microwave frequencies than
silica glass. They show little disper-
sion except below 2 GHz. A relationship
between heavy-metal fluoride glass
composition and microwave dielectric
characteristics is evident. This sug-

gests that the complex permittivity at
microwave frequencies may be composition-
ally controlled. Fluorozirconate heavy-
metal glasses provide optical apertures
while absorbing some high-frequency
microwave radiation.
[Contact: Richard G. Geyer, (303) 497-

5852]

Tofani, S., Ondrejka, A.R. , and Kanda,
M.

,
Tine -Domain Method for Absorbing

Material Reflectivity Characterization
in the 30-1000 MHz Frequency Range.

A wideband time -domain reflactometer is

used to evaluate the reflection charac-
teristics of RF/microwave absorbers. The
reflectometer uses an array of two
identical broadband antennas

, both
transmitting and receiving. The method
uses the two antennas in a difference
mode to remove the undesired signals and
to enhance the small reflections being
measured. Using this technique, we can
separate front surface reflections from
those which are generated at greater
angles. The spectrum bandwidth of our
pulses is 30 MHz to 1000 MHz, and reflec-
tion characteristics are measured over
this entire range. The method has been
used to characterize the reflectivity of
three different types of absorber placed
in an anechoic chamber. The results are
reported together with the measurement
accuracy. A discussion regarding main
sources of errors is also presented.
[Contact: Arthur R. Ondrejka, (303) 497-

3309]

Recently Published

Baker-Jarvis, J.R., Geyer, R.G.

,

and
Domich, P. , Improvements in Transmis-
sion Line Permittivity and Permeability
Measurements, Digest of the 1990 Con-
ference on Precision Electromagnetic
Measurements, Ottawa, Canada, June 11-

14, 1990, pp. 232-233 (1990).

The transmission/reflection and short-
circuit line methods for complex permit-
tivity and permeability determination in
transmission line sample holders are
examined. New equations for permit-
tivity are presented that eliminate the

ill -behaved nature of the commonly used
transmission/reflection methods at
frequencies corresponding to integer
multiplies of one -half wavelength in the
sample. The equations are also indepen-
dent of reference plane position.
Measurement results and an error anal-
ysis are presented. In addition, the
scattering equations are solved using an
optimization algorithm. The advantages
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and disadvantages of an optimization
approach are discussed.
[Contact: James R. Baker-Jarvis , (303)
497-5621]

Geyer, R.G., Dielectric Characterization
and Reference Materials, NIST Technical
Note 1338 (April 1990)

,

Dielectric reference materials are

analyzed with respect to fundamental
requirements of linearity, homogeneity,
and isotropy. Generalized frequency- and
temperature -dependent dispersion rela-
tions are presented which allow the

prediction of broadband dielectric
behavior from limited measurement data,

determination of valid modal field
structure in cavity or waveguide fix-

tures, and identification of discrepan-
cies and errors in measurement data. An
approach for examining the influence of
deviations of sample homogeneity on a

precisely specified electromagnetic field
structure is outlined, and sufficient
conditions for isotropic, uniaxial, or
biaxial anisotropic dielectric behavior
are reviewed in terms of a material's
chemical lattice physics. These charac-
teristics direct the choices of suitable
reference materials useful for confirming
or improving the accuracy of dielectric
measurements

.

[Contact: Richard G. Geyer, (303) 497-

5852]

Geyer, R.G.
,

Weil, C.M.
, and Kissick,

W.A.
,
Precision Dielectric Measurements

Using a Mode-Filtered Cylindrical Cavity
Resonator, Digest of the 1990 Conference
on Precision Electromagnetic Measure-
ments, Ottawa, Canada, June 11-14, 1990,

pp. 174-175 (1990).

A 60 -mm diameter cylindrical cavity
resonator used at NIST for high-accuracy

( 1
A€r'/cu' |<5 X lO'*') permittivity mea-

surements on low- loss materials is

described. The cavity operates at X-

band in the TEgip mode and is of the mode-
filtered type with helically wound walls.
Measurement data on representative

dielectric materials are presented
together with an uncertainty analysis.
[Contact: Richard G. Geyer, (303) 497-

5852]

Mopsik, F.I., and Martzloff, F.D.
,
Time

Domain Spectroscopy to Monitor the
Condition of Cable, Proceedings of the
U.S. Nuclear Regulatory Commission
Sixteenth Water Reactor Safety Informa-
tion Meeting, Volume 3, Gaithersburg,
Maryland, October 24-27, 1988, pp. 21-

40 (March 1989).

The use of Time Domain Spectroscopy, the
measurement of dielectric constant and
loss using time-domain response, for
monitoring the aging of reactor cable
insulation is examined. The method is

presented, showing its sensitivity,
accuracy, and wide frequency range. The
method's ability to acquire a great deal
of information in a short time and its

superiority to conventional single
frequency data are shown. Different
cable samples are examined before and
after exposure to radiation and changes
with exposure are clearly seen to occur.
Also, it is shown that a wide range of
behavior can be found in different
insulation systems. The requirements for

performing valid measurements are pre-

sented. The need for controlled samples
and correlation with other criteria for
aging is discussed.
[Contact: Francois D. Martzloff, (301)
975-2409]

Other Fast Signal Topics

Recently Published

Young, M.
,
The Pinhole Camera [original

title: Imaging Without Lenses or
Mirrors: The Pinhole Camera and Its

Relatives], The Physics Teacher, pp.
648-655 (December 1989)

.

The pinhole camera is an interesting and
useful device. The pinhole focuses as a

result of diffraction, and the camera
displays an optimum focal length equal to

the square of the pinhole radius divided
by the wavelength. This paper discusses
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the history and the physics of the

pinhole camera and some of its relatives,

the Fresnel zone plate, cascaded aper-

tures, the pinspeck camera, and the

pinhead mirror.
[Contact: Matt Young, (303) 497-3223]

Young, M.
,
The Scratch Standard is Only

a Cosmetic Standard, Proceedings of SPIE

(The International Society for Optical
Engineering, P.O.^ Box 10, Bellingham,
Washington 98227-0010), Surface Charac-
terization and Testing II, Vol. 1164,

pp. 185-190 (1989).

In this paper, I present a history of the

scratch- and- dig standard for optical
surface quality and show that this

standard has since its inception been
recognized as a cosmetic standard and not
as an objective or performance standard.
In addition, I attempt to dispel the myth
that the scratch standard was changed
during the 1960s and show that scratch
number cannot be related to scratch
width. Finally, I describe a preliminary
aging experiment that suggests that the

scratch standards have not aged with time
and are, in fact, extremely stable.
[Contact: Matt Young, (303) 497-3223]

ELECTRICAL SYSTEMS

Power Systems Metrology

Released for Publication

Fenimore, C.
,

and Martzloff, F.D.,

Validating Surge Test Standards by Field
Experience: High-Energy Tests £ind

Varistor Performance, to be published in

the Proceedings of the lAS/IEEE Annual
Meeting, Seattle, Washington, October 9,

1990.

New, high-energy surge tests are emerg-
ing in IEEE and lEC standards. Field
experience offers a valuable criterion
for validating or invalidating proposed
standards. A proposal under considera-
tion by the lEC involves so much energy
that a varistor of the voltage rating

commonly used in protecting load equip-
ment, if subjected to this test, would
almost certainly fail. Yet, reported
varistor failure rates do not reflect
such a situation. Thus, a re-examina-
tion of the premises that led to the

proposed test specifications appears
necessary. Proposals for high-energy
tests as additional waveforms in the new
version of IEEE C62.41, on the other
hand, lead to current and energy levels
that do not place typical varistors in

immediate jeopardy. Thus, they appear
more consistent with field experience.
[Contact: Charles Fenimore, (301) 975-

2428]

Fenimore, C.
,

Stricklett, K.L., Yama-
shita, H. ,

Kawai, H.
,
Forster, E.O.

,

and
Pompili, M.

,
The Inception and Structure

of Prebreakdovm Streamers in Perflu-
orinated Polyethers, to be published in

the Proceedings of the Tenth Interna-
tional Conference on Conduction and
Breakdown in Dielectric Liquids,
Grenoble, France, September 10-14, 1990.

One member of a family of materials
,

the
perfluorinated polyethers, is subjected
to electrical measurements to determine
its suitability as a liquid dielectric.
Measures of the breakdown strength and
streamer inception voltage are obtained
under electrical impulse stress. The
breakdown strength is nearly independent
of polarity. Under high magnification
photography, the cathode -originated
streamers are seen to have a subsonic
mode of growth. The transition to fast
growth occurs on time and spatial scales
shorter than those reported in liquid
hydrocarbons. The gas phase electrical
properties and the high heat of vapor-
ization of this material are considered
as mechanisms for this behavior.
[Contact: Charles Fenimore, (301) 975-

2428]

Misakian, M.
,

and Frazier, M.
,

Exami-
nation of Experimental Designs for In
Vitro Studies Using ELF Magnetic Fields,
to be published in the Proceedings of
the BPNL/NIST Workshop on Exposure
Parameters for In Vitro Studies with ELF
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Magnetic and Electric Fields, San

Antonio, Texas, June 10, 1990.

The exposure parameters for several
experimental configurations that can be
used for conducting in vitro studies with
ELF magnetic fields are examined. Many
of the biological parameters and con-

straints that must be considered with the

different experimental arrangements are

also discussed.
[Contact: Martin Misakian, (301) 975-

2426]

Ramboz, J.D., Fenimore, C.
,
and Schiller,

S.B., Precision Qualification of
Watthour Meters, to be published in the

Digest of the 1990 Conference on Pre-

cision Electromagnetic Measurements,
Ottawa, Canada, June 11-14, 1990.

One of the NIST Measurement Assurance
Programs transfers the unit of the
watthour using transport meters. For
this application the response of these
meters to variations in environmental
conditions must be well-characterized.
A statistically planned experiment is

employed to determine corrections for the
response of each meter to varying condi-
tions of voltage, current, temperature,
and power factor. This qualification
procedure is designed to be efficient
with the number of test points and to

yield optimal estimates of the model
parameters describing the corrections.
[Contact: John D. Ramboz, (301) 975-

2428]

Stricklett, K.L., Kelley, E. F. ,
Yama-

shita, H.
,

Fenimore, C., Pace, M.O. ,

Blalock, T.V.

,

Wintenburg, A.L. ,
and

Alexeff, I., Observations of Partial
Discharges in Hexane Under High Mag-
nification, to be published in the
Proceedings of the Tenth International
Conference on Conduction and Breakdown
in Dielectric Liquids, Grenoble, France,
September 10-14, 1990.

Partial discharges are observed in hexane
by shadow photography under the applica-

tion of dc voltages. A nonuniform field
geometry is employed, and the growth of
low-density streamers at a point cathode
is recorded. Photographs of the partial
discharge streamers are obtained at 200X
magnification. The use of an image

-

preserving optical delay allows a record
of the conditions which exist in the
liquid prior to the initiation of the
low-density streamer to be obtained. A
concurrent record of the partial dis-
charge current is obtained. Analysis of
these data indicate that electrostatic
forces are adequate to describe streamer
growth

.

[Contact: Kenneth L. Stricklett, (301)
975-3955]

Van Brunt, R.J., and Kulkarni, S.V.,
Stochastic Properties of Trichel-Pulse
Corona: A Non-Markovian Random Point
Process

.

The stochastic properties of a negative,
point-plane, Trichel-pulse corona dis-
charge have been completely charac-
terized in terms of a set of measured
conditional discharge pulse -amplitude and
pulse- time-separation distributions. The
Trichel-pulse phenomenon is shown to be
a clear example of a non-Markovian,
marked random point process in which
memory effects play an important role.
Strong correlations are shown to exist
among the amplitudes and time separa-
tions of successive discharge pulses
which indicate how initiation and growth
of any discharge pulse is affected by the

presence of residual ion space charge and
metastables from previous pulses. The
analysis required to assess consistency
among the various measured distributions
is discussed and used to interpret
observed variations in distribution
profiles. It is argued that because of
the strong correlations between the

amplitude of a pulse and the amplitude of
and time separation from the previous
pulse, memory can propagate indefinitely
back in time. The experimental limita-

tions to verifying the extent of memory
propagation are analyzed.
[Contact: Richard Van Brunt, (301) 975-

2425]



CEEE Technical Progress Bulletin - November 1990 Page 23

Power Systems Metrology (cont'd.)

Yamashita, H.
,

Kawai, H.
,

S trickle tt,

K.L., and Kelley, E.F., The Effect of
High Pressure on Prebreakdown Phenomena
in N-Hexane, to be published in the

Proceedings of the Tenth International
Conference on Conduction and Breakdown
in Dielectric Liquids

,
Grenoble, France,

September 10-14, 1990.

The effect of pressure on the initiation
of prebreakdown streamers at a point
cathode in n-hexane is investigated.
Using a high-magnification (lOOX) high-

resolution (1 urn) optical system and a

high-speed camera, the initial growth of

low-density streamers at pressures
ranging from 0.1 to 1.1 MPa is examined.
The initial streamer appears to be a

single filament 4.1 ± 2.1 /xra in length.

The streamer initiation voltage is shown
to increase with pressure and the rate of
collapse of the streamer is faster at

high pressure.
[Contact: Hisanao Yamashita, (301) 975-

5826

Recently Published

Martzloff, F.D., Protecting Computer
Systems Against Power Transients,
[original title: Transient Suppression
for Computer-Based Systems], IEEE
Spectrum, Vol. 27, No. 4, pp. 37-40
(April 1990).

Computers have emigrated from the shel-
tered life of computer rooms to the

tougher environment of offices, fac-
tories

,
and homes where they encounter

interfering or damaging transients. The
article outlines general causes and
remedies, and how to deal with surges and
maintain the integrity of a small com-
puter system. Small computer systems,
especially the stand-alone type, can be
protected in a do-it-yourself mode. More
complex systems may need the help of a

specialist. Two case histories il-

lustrate the problems and solutions;
steps required to determine protection
needs are described, with generic guid-
ance on selecting an appropriate protec-

tive device.
[Contact: Francois D. Martzloff, (301)

975-2409]

Mopsik, F.I., and Martzloff, F.D., Time
Domain Spectroscopy to Monitor the
Condition of Cable, Proceedings of the

U.S. Nuclear Regulatory Commission
Sixteenth Water Reactor Safety Informa-
tion Meeting, Volume 3, Gaithersburg,
Maryland, October 24-27, 1988, pp . 21-

40 (March 1989)

.

The use of Time Domain Spectroscopy, the

measurement of dielectric constant and
loss using time-domain response, for
monitoring the aging of reactor cable
insulation is examined. The method is

presented, showing its sensitivity,
accuracy, and wide frequency range. The
method's ability to acquire a great deal
of information in a short time and its

superiority to conventional single
frequency data are shown. Different
cable samples are examined before and
after exposure to radiation and changes
with exposure are clearly seen to occur.
Also, it is shown that a wide range of
behavior can be found in different
insulation systems. The requirements for
performing valid measurements are pre-
sented. The need for controlled samples
and correlation with other criteria for
aging is discussed.
[Contact: Francois D. Martzloff, (301)
975-2409]

Olthoff, J.K., Van Brunt, R.J., Herron,
J.T., Sauers, I., and Harman, G.

,

Catalytic Decomposition of S2F10 and Its
Implications on Sampling and Detection
from SFg- Insulated Equipment, Conference
Record of the 1990 IEEE International
Symposium on Electrical Insulation,
Toronto, Canada, June 3-6, 1990, pp.
248-252 (June 1990).

Recent findings indicate that ^2^10 is

unstable with respect to decomposition on
a surface. This paper reports the first
results of a study investigating the

mechanisms and rates of surface decom-
position of S 2F10 under various condi-
tions. Initial results indicate that
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surface decomposition rates on stainless
steel increase with increased water
content, temperature, and surface- to-

volume ration, and with decreased gas

pressure. The implications of these
results for the preparation and storage
of S 2F10 samples are discussed. Addi-
tionally, the use of this surface decom-

position mechanism to enhance the detec-

tion sensitivity of small concentrations
of S2F10 in SFg using a gas chromato-
graph/mass spectrometer is investigated.
Detection sensitivities of 1 ppnv of S 2F10

in SFg are routinely achievable using
this new technique

.

[Contact: James K. Olthoff, (301) 975-

2431]

Steiner, J.P., and Martzloff, F.D. ,

Partial Discharges in Low-Voltage
Cables, Conference Record of the 1990
IEEE International Symposium on Elec-
trical Insulation, Toronto, Canada, June
3-6, 1990, pp. 149-152 (June 1990).

Testing of high-voltage apparatus for
partial discharges has long been recog-
nized as an important part of quality
control for these devices. Recently,
interest has been focused on methods for
testing low-voltage cables to determine
their integrity under adverse operating
conditions such as a loss-of-coolant
accident. A new method, utilizing
partial discharges, is presented which
has the potential for locating breaches
in the insulation of in-situ, low-

voltage, multi -conductor cables,
[Contact: Francois D. Martzloff, (301)
975-2409]

Stricklett, K.L.

,

Kelley, E.F., Yama-
shita, H.

,
Kawai, H. , and Fenimore

,
C.,

Electrical Breakdown and Streamer
Statistics in N-Hexane Under Uniform
Field Conditions, Conference Record of
the 1990 IEEE International Symposium on
Electrical Insulation, Toronto, Canada,
June 3-6, 1990, pp. 61-64 (June 1990).

Under uniform field conditions, two modes
of electrical breakdown are observed in

liquid n-hexane: breakdown may be
initiated by either cathode or anode
streamers. This observation suggests
that two unique sets of phenomena lead to

electrical breakdown. In the work
described, high-speed photography is

employed to obtain a record of each
breakdown event, thereby providing
statistical information regarding the
relative frequencies of anode and cathode
processes. The degree to which the
relative probability for either process
is influenced by experimental conditions
is discussed.
[Contact: Kenneth L. Stricklett, (301)
975-3955]

Van Brunt, R.J., Research for Electric
Energy Systems - An Annual Report,
NISTIR 4339 (June 1990).

This report documents the technical
progress in four investigations which
make up the project, "Support of Research
Projects for Electrical Energy Systems,"
funded by the U.S. Department of Energy
and performed by the Electricity Division
of the National Institute of Standards
and Technology (NIST). Specifically,
these investigations include: 1) an
evaluation and critique of techniques for
measuring ambient magnetic fields in
support of epidemiological and in-vitro
studies of biological field effects; 2)

development of techniques for detecting
the toxic gas ^2^10 in SFg and measuring
its production rate from corona dis-

charges in SFgi 3) optical and electrical
measurements of prebreakdown partial

-

discharge phenomena in dielectric li-

quids; and 4) development of improved
electro-optical methods for measurement
and characterization of fast, transient
high-voltage impulses. The work dis-

cussed in this report is part of an
ongoing research activity at NIST.

[Contact: Richard J. Van Brunt, (301)

975-2425]

Superconductors

Released for Publication

Ekin, J.W.

,

Transport Critical Current of
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Aligned Polycrystalline YiBa2Cu307_, ,
to

be published in the Proceedings of the

International Conference on Transport
Properties of Superconductors, Rio de

Janeiro, Brazil, April 29 -May 4, 1990.

A study of grain alignment and its effect

on the dc transport critical current in

fine-grained bulk YiBa2Cu307.,5 is reported
in magnetic fields from 10^^ T to 26 T.

This paper presents a summary of the main
results. The data are interpreted as

evidence for two parallel components of
intergranular current conduction, one

consisting of weak-linked material, the

other behaving like intrinsic in-

tragranular material that is not weak-

linked. A comparison with unaligned
YBa2Cu307 indicates that the volume
fraction of such nonweak- linked material
is significantly enhanced by grain
alignment, but still only 0.01 to O.IZ of
the grain boundary area.
[Contact: John W. Ekin, (303) 497-5448]

Moreland, J., Li, Y.K.
,
Goodrich, L.F.,

Roshko, A., and Ono, R.H.
,
Novel Proce-

dure for Mapping the Jg-He2-Tc Surface
and Its Application to High Temperature
Superconductors, to be published in the
Proceedings of the Conference on Science
and Technology of Thin Film Supercon-
ductors, Denver, Colorado, April 30 -May

4, 1990.

We have used an ac lock-in method for
measuring the dynamic resistance versus
current (dV/dl-I) curves to determine
Jg(T,H). The sample current consisted of
a small constant oscillating current
added to a variable dc current. The dc
current was either slowly ramped for
dV/dl-I measurements or controlled
keeping the dV/dl level constant while
ramping temperature or field. In this
way, it was possible to measure J^CT) at
constant H. The temperature is con-
trolled between 4 and 300 K using a
bathysphere cryostat. The bathysphere
cryostat was inserted into a high field
magnet for measurements at fields up to

7 T. We have measured several high-

temperature superconductors including
YBCO thin films. In addition, we have
measured the dV/dl-I curve of a simulator
with a V-I curve having the form V - 10

/iV X (1/1.4 A)^^. Upon numerical integra-
tion, our data for the superconductors
and the simulator are consistent with
that obtained using a dc method using an
analog nanovoltmeter to measure the V-I
curves directly.
[Contact: John Moreland, (303) 497-

3641]

Peterson, R.L., and Ekin, J.W., Criti-
cal-Current Diffraction Patterns in
Superconductor Weak-Links.

We discuss the characteristics of the

critical current as a function of mag-
netic field in grain boundary Josephson
barriers. Diffraction patterns occur not
just for SIS junctions but for all types
of Josephson links, including SNS junc-
tions which may be present at grain
boundaries in high-Tg superconductors.
We also discuss the generality of the
Airy diffraction pattern, which is

expected to characterize most grain-
boundary barriers more accurately than
the Fraunhofer pattern. The transport
critical current density in many bulk,
granular high-T^ superconductors has a

power law dependence on very low mag-
netic fields, characteristic of averaged
diffraction patterns, and cannot be
fitted by an exponential magnetic field
dependence which may result from the
material properties of the barriers.
[Contact: Robert L. Peterson, (303) 497-

3750]

Takagi, T. ,
Chiang, Y.-M., and Roshko,

A.
,
Origin of Grain Boundary Weak Links

in BaPbg 75Big 2SO3 Superconductors.

Although BaPbg 75610,2503 (BPB) has a

comparatively large superconducting
coherence length of -7 nm and no reported
anisotropy in its superconducting parame-
ters, polycrystalline BPB exhibits the
same rapid decrease in transport criti-
cal-current density (Jgt) with low applied
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field (<5 mT) that is characteristic of
grain boundary weak- links in cuprate
superconductors (e.g.,

>

YBa2Cu307.3j) . We have studied the effects
of processing thermal history on the

formation and morphology of grain boun-
dary phases, and on the chemistry of BPB
boundaries with and without second phase,

in order to understand the origin of

these weak links. Scanning Transmission
Electron Microscopy (STEM) and Auger
Electron Spectroscopy (AES) results show
the presence of a Pb-Bi-Ba-0 phase that

is wetting and liquid above -570 "C, but
which retracts to three -grain junctions
upon slow cooling or annealing at lower
temperatures. The composition of the
grain boundaries as well as vs.

temperature measurements suggest that the
boundaries act as SIS tunnel junctions.
[Contact: Alexana Roshko, (303) 497-

5420]

Recently Published

Tan, Z.
,

Filipkowski, M.E., Budnick,
J.I., Heller, E.K.

,

Brewe, D.L., Cham-
berland, B.L.

,

Bouldin, C.E., and
Woicik, J.C., Strontium- Induced Oxygen
Defect Structure and Hole Doping in
l.a2_jjSr^Cu04

,
Physical Review Letters,

Vol. 64, No. 22, pp. 2715-2718 (28 May
1990)

.

We have discovered that the apical oxygen
with the shortest La-0 bond length is

removed when La is substituted by Sr in
polycrystalline La2.j^Srj^Cu0^ under normal
preparation conditions. It is reasoned
that this missing oxygen is relocated at
a defect site in the vicinity of the Sr
dopant. We present evidence that this
defect oxygen is intrinsic to Sr doping
independent of processing conditions. A
range of physical properties of
La2^Srj^CuO<, can be understood in terms of
this Sr- induced defect oxygen and the
proposed role of hole doping through this
defect oxygen.
[Contact: Charles E. Bouldin, (301) 975-

2046]

Magnetic Materials & Measurements

Released for Publication

Rice, P.
,

and Moreland, J., Tunneling-
Stabilized Magnetic Force Microscopy of
Bit Tracks on a Hard Disk.

We have adapted a scanning tunneling
microscope (STM) for surface magnetic
force measurements of thin film lon-
gitudinal magnetic storage media. The
usual rigid Ptir tip of the STM was
replaced by a flexible Fe film tip. The
sensitivity of the Fe film tip was such
that the magnetic force influence was as
prevalent as the sample surface topog-
raphy. We present images of hard disk
surfaces showing bit tracks written by a

ferrite head in a computer disk drive.
The images are comparable to images
obtained using the Bitter method (mag-

netic fluid decoration)

.

[Contact: Paul Rice, (303) 497-3841]

ELECTROMAGNETIC INTERFERENCE

Radiated Electromagnetic Interference

Released for Publication

Adams, J. W.
,
Status Report on Shielding

Effectiveness Measurements: Release of
ASTM D4935-89, to be published in the

Proceedings of the Fourth International
Society for the Advancement of Material
and Process Engineering (SAMPE) Con-

ference, Albuquerque, New Mexico, June

13, 1990.

The American Society of Testing and
Materials (ASTM) released Standard D4935-

89, Standard Test Method for Measuring
the Electromagnetic Shielding Effective-
ness of Planar Materials, in November
1989. Some background efforts of ASTM
Committee D. 09. 12. 14 to accomplish this

are reviewed, with emphasis on results of
the measurement round robins that led to

the acceptance of the standard in April
of 1989, Very good agreement was ob-

tained during these round robins con-

ducted by five different workers at five

different organizations. The samples
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used were plastic based, but treated
three different ways. Surface roughness
of the sample is an important factor in

determining measurement uncertainty. The
design of the sample holder and the

measurement procedure given in this ASTM
standard were developed at the National
Institute of Standards and Technology
(NIST) . The comprehensive effort at NIST
also established why this measurement
method was chosen over numerous others.

How and when calculations can be used to

obtain near -field data from the measured
far-field data are covered.
[Contact: John W. Adams, (303) 497-

3328]

Adams, J.W., Wu, D.
,

and Budlong, A.,

Measurement of Electric Field Strength
Near Higher-Powered Personal Trans-
ceivers, to be published as a National
Institute of Justice Report, Technology
Assessment Program and NISTIR 90-3938.

Electric field strengths were measured at

a number of points around 5-W personal
transceivers. The points were located on
cylinders of revolution around the

antenna with radii of 7, 9.5, 12, 14.5,

17, and in some cases 27, 37, and 47 cm.

At closer distances, these measured
values exceeded the exposure limits
suggested in ANSI Guide C95. 1-1982.

[Contact: John W. Adams, (303) 497-

3328]

Masterson, K.D., and Kanda, M.
,

Broad-
band, Photonic Electric Field Sensors
for EMP and HPM Applications, to be
published in the Proceedings of the

Fifth National Conference on High Power
Microwave Technology (DOD)

,
West Point,

New York, June 11-15, 1990.

Photonic sensors offer the potential to

measure high-power electromagnetic fields
more accurately than has been available
in the past. This is primarily due to

their immunity from interference gene-
rated by such fields, the high informa-
tion capacity of optical fibers, and the
minimal perturbation of the field by an

all -dielectric sensor. An overview of
system design based on transfer functions
for the individual components is pre-
sented with particular emphasis placed on
the electro-optic modulator. Using this
approach, we summarize the characteris-
tics of two measurement systems that have
been fabricated at the National Institute
of Standards and Technology, and we
design a measurement system based on a

Mach-Zender interferometric modulator
that would be applicable to HPM measure-
ments. When operating with a 1-GHz
detection bandwidth, we estimate that the

probe could measure field levels from 200
V/m to over 1 MV/m and operate over a

frequency range from 0.5 to over 10 GHz.
This would cover much of the region of
interest for HPM.
[Contact: Keith D. Masterson, (303) 497-

3756]

Randa, J.P., Theoretical Considerations
for a Thermo-Optic Microwave Electric

-

Field Probe.

The theoretical background for the design
of a microwave electric -field probe is

presented. The design uses a fiber-
optic thermometer to measure the tempera-
ture rise of a resistive sphere or
spherical shell in an electromagnetic
field. Design parameters are chosen to
optimize sensitivity and frequency
response for the 1- to 10 -GHz range.
These parameters also result in good
frequency response well into the mil-
limeter-wave range. Advantages of the
design are that it is small, nonperturb-
ing, and can be used in high electromag-
netic fields.
[Contact: James P. Randa, (303) 497-

3150]

Randa , J . P . ,
Kanda

, M . , and Orr , R . D . ,

Thermo-Optic Designs for Electromag-
netic-Field Probes for Microwaves and
Millimeter Waves.

We report the development of an electro-
magnetic-field probe for microwave and
millimeter -wave frequencies. The probe
uses an optically sensed thermometer to
measure the heating of a resistive
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element in an electromagnetic field. The

response is calculated for several
different configurations of the resis-
tive element, and two optimal designs are

chosen. Measurements on experimental
probes of these designs are presented.
One of the designs displays a flat

frequency response above 30 GHz and a

sensitivity of 38 V/m. We identify
improvements in the design which should
significantly Increase the sensitivity
and improve the low-frequency response.
[Contact: James P. Randa, (303) 497-

3150]

Recently Published

Crawford, M.L. ,
Ladbury, J.M., Riddle,

B.F., and Larsen, E.B.
,
EMR Test Facil-

ities: Evaluation of a Small Rever-
berating Chamber Located at RADC,
Griffiss AFB, Rome, New York, NISTIR 90-

3939 (June 1990).

This report describes measurement proce-
dures and results from evaluating a small
reverberating chamber located at Rome Air
Development Center (RADC), Rome, New
York. The chamber was developed for
measuring and analyzing the electromag-
netic susceptibility/vulnerability of
weapon systems and the radio frequency
(rf) shielding effectiveness of enclo-
sures and materials. A brief description
of the facility is given, including
instrumentation for its evaluation and
calibration by the National Institute of
Standards and Technology (NIST) . Work
was done earlier at NIST to evaluate the
RADC large reverberating chamber. A
follow-on project to construct and
evaluate a small chamber is discussed in
this report. Measurements include: 1)

voltage standing wave ratio of the
transmitting and receiving antennas; 2)

coupling efficiency of the chamber; 3)

effectiveness of the chamber tuner; 4) E-

field uniformity in the test zone; 5)

calibration of test E-fields based on
receiving antenna power measurements and
calibrated dipole probe voltage measure-
ments; 6) responses of standard equip-

ment under test to test fields in the
RADC reverberating chamber and the NIST
anechoic chamber; and 7) performance of
the reverberating chamber excited by rf
pulses at ten frequencies from 0.9 to 18

GHz, four pulse widths from 0.1 to 3 /xs,

and for two values of chamber Q. Con-
clusions are that the chamber can be used
at frequencies down to 500 MHz for cw
testing, and for pulsed rf immunity
testing with pulse widths as short as 0.3
fis. Estimates of measurement uncertain-
ties are given.
[Contact: Myron L. Crawford, (303) 497-

5497]

Hill, D.A.
,
Magnetic Dipole Excitation of

an Insulated Conductor of Finite Length,
IEEE Transactions on Geoscience and
Remote Sensing, Vol. 28, No. 3, pp. 289-

294 (May 1990).

Excitation of currents on an insulated
conductor of finite length with ar-

bitrary terminations is studied for a

magnetic dipole source. For matched
terminations, the results agree closely
with previous results for an infinitely
long conductor, but other terminations
produce end reflections that cause
standing waves. Specific calculations
are presented for a vertical magnetic
dipole source because this source pro-
duces the appropriate horizontal electric
field and could be used in a borehole

-

to-borehole configuration. Numerical
results for the induced current and
secondary magnetic field indicate that
long conductors produc' a strong anomaly
over a broad frequency range for any type
of termination.
[Contact: David A. Hill, (303) 497-

3472]

Hill, D.A.

,

and Anderson, L.R.

,

Propa-
gation Along a Two-Wire Line Located at
the Air-Earth Interface, IEEE Transac-
tions on Geoscience and Remote Sensing,

Vol. 28, No. 3, pp. 400-402 (May 1990).

A simple quasi-static expression has been
derived for the propagation constant of
a two-wire transmission line located at

the air-earth interface. A numerical
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solution of the mode equation shows that

the quasi-static approximation is valid
when the wire separation is much less

than a free -space wavelength. The quasi

-

static approximation can be used to

determine the complex dielectric constant
of the earth from measurements of either

the propagation constant or the charac-

teristic impedance of the transmission
line

.

[Contact: David A. Hill, (303) 497-

3472]

Hill, D.A.
,

Kanda, M.
,

Larsen, E.B.

,

Koepke, G.H., and Orr, R.D., Generating
Standard Reference Electromagnetic
Fields in the NIST Anechoic Chamber, 0.2
to 40 GHz, NIST Technical Note 1335

(March 1990).

The NIST anechoic chamber is used to

generate standard (known) EM fields for
frequencies from 200 MHz to 40 GHz. The
transmitting antennas used are open-
ended rectangular waveguides from 200 to

500 MHz and pyramidal horns from 450 MHz
to 40 GHz . The uncertainty in the

electric field is currently estimated to

be ±1.0 dB. A number of changes and
additions are planned to improve the

accuracy, repeatability, and efficiency
of the system.

[Contact: David A. Hill, (303) 497-

3472]

Wittmann, R.C., Spherical Near-Field
Scanning: Determining the Incident
Field Near a Rotatable Probe, 1990
Antennas and Propagation Symposium
Digest, Dallas, Texas, May 7-11, 1990,
Vol. 1, pp. 224-227 (1990).

Many radar cross-section, electro-
magnetic interference/electromagnetic
compatibility, and antenna measurements
require a known incident field within a

test volume. To evaluate systems de-

signed to produce a specific incident
field (compact ranges, for example), we
must measure the actual illumination for
comparison with design specifications.
Beyond its diagnostic value, these

incident field data can also be used for
error estimation and for calculating
first-order corrections.

In this paper, we develop a spherical
near- field scanning algorithm for deter-
mining incident fields inside a probe's
"minimum sphere." This differs from the
well-known spherical near-field scanning
formulation which determines fields
outside the source's minimum sphere . The
scanner size depends on the extent of the

region of interest and not on the extent
of the (possibly much larger) source.
The data may be collected using a stan-
dard roll -over -azimuth positioner.
[Contact: Ronald C. Wittmann, (303) 497-

2236]

Conducted Electromagnetic Interference

Released for Publication

Fenimore, C.
,

and Martzloff, F.D.,
Validating Surge Test Standards by Field
Experience; High-Energy Tests and
Varistor Performance, to be published in
the Proceedings of the lAS/IEEE Annual
Meeting, Seattle, Washington, October 9,

1990.

New, high-energy surge tests are emerg-
ing in IEEE and lEC standards. Field
experience offers a valuable criterion
for validating or invalidating proposed
standards. A proposal under considera-
tion by the lEC involves so much energy
that a varistor of the voltage rating
commonly used in protecting load equip-
ment, if subjected to this test, would
almost certainly fail. Yet, reported
varistor failure rates do not reflect
such a situation. Thus, a re-examina-
tion of the premises that led to the
proposed test specifications appears
necessary. Proposals for high-energy
tests as additional waveforms in the new
version of IEEE C62.41, on the other
hand, lead to current and energy levels
that do not place typical varistors in
immediate jeopardy. Thus, they appear
more consistent with field experience.
[Contact: Charles Fenimore, (301) 975-

2428]
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Recently Published

Martzloff
,

F.D. ,
Coupling, Propagation,

and Side Effects of Surges in an In-

dustrial Building Wiring System, IEEE
Transactions on Industry Applications,
Vol. 26, No. 2, pp. 193-203 (March/

April 1990)

.

Measurements were made in an industrial
building to determine the propagation
characteristics of surges in the ac power
wiring of the facility. The surges, of
the unidirectional t3rpe or the ring-wave
type described in ANSI/IEEE Standard
C62.41-1980, were injected at one point
of the system and the resulting surges
arriving at other points were measured.
The results show how unidirectional
surges couple through transformers and
produce a ring wave component in the

response of the system. An unexpected
side effect of these surges, applied to

the power lines only, was the apparent
damage suffered by the data line input
components of some computer -driven
printers

.

[Contact: Francois D. Martzloff, (301)
975-2409]

Martzloff, F.D.
,

Protecting Computer
Systems Against Power Transients,
[original title: Transient Suppression
for Computer-Based Systems], IEEE
Spectrum, Vol. 27, No. 4, pp. 37-40
(April 1990).

Computers have emigrated from the shel-
tered life of computer rooms to the

tougher environment of offices, fac-
tories, and homes where they encounter
interfering or damaging transients. The
article outlines general causes and
remedies, and how to deal with surges and
maintain the integrity of a small com-
puter system. Small computer systems,
especially the stand-alone type, can be
protected in a do-it-yourself mode. More
complex systems may need the help of a

specialist. Two case histories il-

lustrate the problems and solutions;
steps required to determine protection

needs are described, with generic guid-
ance on selecting an appropriate protec-
tive device.
[Contact: Francois D. Martzloff, (301)
975-2409]

Martzloff, F.D. , and Gruzs, T.M.
,

Power
Quality Site Surveys: Facts, Fiction,
and Fallacies, Proceedings of the First
International Power Quality Conference,
Long Beach, California, October 15-20,

1989, pp. 492-505 (October 1989), and
"Selected Readings" of the Second
National Conference on Power Quality for
End-Use Applications, San Francisco,
California, March 21-23, 1990, pp.
1005-1018 (March 1990).

The quality of the power supplied to

sensitive electronic equipment is an
important issue. Monitoring disturban-
ces of the power supply has been the
objective of various site surveys, but
results often appear to be instrument-
dependent or site-dependent, making
comparisons difficult. After a review of
the origins and types of disturbanqes

,

the types of monitoring instruments are
described. A summary of nine published
surveys reported in the last 20 years is

presented, and a close examination of
underlying assumptions allows meaningful
comparisons which can reconcile some of
the differences. Finally, the paper
makes an appeal for improved definitions
and applications in the use of monitoring
instruments

.

[Contact: Francois D. Martzloff, (301)

975-2409]

Martzloff, F.D.

,

and Leedy, T.F., Elec-
trical Fast Transient Tests: Applica-
tions and Limitations, IEEE Transac-
tions on Industry Applications, Vol. 26,

No. 1, pp. 151-159 (January/February
1990)

.

[Also published in the Con-

ference Record of the IEEE Industry
Applications Society Annual Meeting,
Part II, San Diego, California, October
1-5, 1989, pp. 1625-1632 (October 1989)

and in the Proceedings of the IEEE

Industrial Applications Society 35th
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Annual Petroleum & Chemical Industry
Conference, Dallas, Texas, September 12,

1988, pp. 1-8 (1988) ]

.

According to a new standard of the

International Electrochemical Commission
(lEC)

,
a fast- transient test must be

applied to the connecting cables of

electronic equipment. The purpose of the

test is to demonstrate equipment immunity
to fast transients resulting from switch-

ing. Tests and simulations of the

propagation and attenuation of these fast
transients in typical connecting cables
are described, placing the lEC require-
ments in perspective.
[Contact: Francois D. Martzloff, (301)

975-2409]

ADDITIONAL INFORMATION

Lists of Publications

Lyons, R.M.
,
and Gibson, K.A. ,

A Biblio-
graphy of the NIST Electromagnetic Fields
Division Publications, NISTIR 89-3920
(September 1989).

This bibliography lists publications by
the staff of the National Institute of
Standards and Technology's Electro-
magnetic Fields Division for the period
from January 1970 through August 1989.

Selected earlier publications from the
Division's predecessor organizations are
included.
[Contact: Kathryn A. Gibson, (303) 497-

3132]

DeWeese, M.E.
,

Metrology for Electro-
magnetic Teclmology: A Bibliography of
NIST Publications, NISTIR 89-3921 (August

1989) .

This bibliography lists the publications
of the personnel of the Electromagnetic
Technology Division of NIST in the period
from January 1970 through publication of
this report. A few earlier references
that are directly related to the present
work of the Division are included.
[Contact: Sarabeth Moynihan, (303) 497-

3678]

Palla, J.C., and Meiselman, B.
,
Electri-

cal and Electronic Metrology: A Biblio-
graphy of NIST Electricity Division's
Publications, NIST List of Publications
94 (January 1990)

.

This bibliography covers publications of
the Electricity Division, Center for
Electronics and Electrical Engineering,
NIST, and of its predecessor sections for

the period January 1968 to December 1989.

A brief description of the Division's
technical program is given in the intro-
duction.
[Contact: Jenny C. Palla, (301) 975-

2220
]

Walters, E.J., Semiconductor Measurement
Technology, NBS List of Publications 72
[a bibliography of NBS publications
concerning semiconductor measurement
technology for the years 1962-1989]
(March 1990)

.

This bibliography contains reports of
work performed at the National Institute
of Standards and Technology in the field
of Semiconductor Measurement Technology
in the period from 1962 through December
1989. An index by topic area and a list
of authors are provided.
[Contact: E. Jane Walters, (301) 975-

2050]

NEW CALIBRATION SERVICES OFFERED

The explosive growth of optical fiber use
in the communications industry has
resulted in a demand for calibration
services. NIST's Boulder, Colorado,
laboratory now offers measurements of
optical laser power and energy at wave-
lengths and power levels of interest to
fiber optic producers and users. Mea-
surements are based on a standard refer-
ence instrument called the C-series
calorimeter. An electrically calibrated
pyroelectric radiometer (ECPR) is cali-
brated against the calorimeter and is

then used to calibrate optical power
meters at wavelengths of 850, 1300, and
1550 nm. To improve calibration capabil-
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ities, NIST is preparing test measurement
systems for detector linearity, detector
uniformity, and detector spectral respon-
sivity. These systems should be avail-

able in 6 months. For a paper outlining
NIST's optical power measurement capabil-

ities, contact Fred McGehan, Div. 360,

NIST, 325 Broadway, Boulder, Colorado
80303. For more information on calibra-
tion services, contact Thomas R. Scott,

Div. 724, same address, or phone (303)
497-3651.

NEW NIST RESEARCH MATERIAL

NIST has announced the availability of
Research Material 8458, a well-charac-
terized artificial flaw used as an
artifact standard in eddy current non-
destructive evaluation (NDE) . The new
Research Material (ElM) is the outcome of
work carried out by the Division to

address the need for calibration stan-
dards for eddy-current NDE, for example
as used to detect fatigue cracks in
aircraft structures. The RM flaw is

produced in an annealed aluminum alloy
block by first indenting the block and
then compressively deforming the result-
ing notch until it is tightly closed.
The next operation is to restore a flat
finish to the block face, after which the

block is heat treated to the original
temper. The controlled flaw has been
named the "CDF notch," after its inven-
tors (listed on patent application)
Thomas E. Capobianco (Electromagnetic
Technology Division), William P. Dube
(Division 583) ,

and Ken Fizer (Naval
Aviation Depot, NAS Norfolk, Virginia).

In the past, the challenge has been to

manufacture artificial flaws that closely
simulate the mechanical properties of
fatigue cracks. Currently used artifacts
include electrical-discharge-machined and
saw-cut notches, both of which are
relatively poor representations of
fatigue cracks as their widths are too

great. The Division-developed method
provides notches that can be made con-
trollably in a variety of geometries.

have known dimensions, with widths that
are narrow enough to provide an accep-
table representation of fatigue cracks.

An NIST Research Material is not cer-
tified by NIST, but meets the Interna-
tional Standards Organization definition
of "a material or substance one or more
properties of which are sufficiently well
established to be used in the calibration
of an apparatus, the assessment of a

measurement method, or for assigning
values to materials." The documentation
issued with RM 8458 is a "Report of
Investigation." Contact: technical
information -- Fred Fickett, (303) 497-

3785; order information -- Office of
Standard Reference Materials, (301) 975-

6776.

EMERGING TECHNOLOGIES IN
ELECTRONICS. . .AND THEIR MEASUREMENT
NEEDS, SECOND EDITION

This report assesses the principal
measurement needs that must be met to

improve U.S. competitiveness^ in emerging
technologies within several fields of
electronics: semiconductors, supercon-
ductors, magnetics, optical fiber com-

munications, optical fiber sensors,
lasers, microwaves, video, and electro-
magnetic compatibility. The report seeks
feedback from industry and Government
agencies on the assessment. The feedback
will guide the development of NIST
programs that provide U.S. industry with
new documented measurement methods, new
national reference standards to assure
the accuracy of those measurement meth-
ods, and new reference data for electron-
ic materials. Copies may be obtained by
ordering Report No. PB90- 188087/AS
($23.00 hard copy, $11.00 microfiche)
from the National Technical Information
Service, 5285 Port Royal Road, Spring-

field, Virginia 22161, (703) 487-4650.

JAN. 1, 1990 CHANGES IN THE U.S.
ELECTRICAL UNITS

Effective January 1, 1990, the U.S. as-

maintained (i.e., "practical") units of

voltage and resistance were increased by
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9,264 ppm and 1.69 ppm, respectively.
The increases in the U.S. legal units of
current and of electrical power will be
about 7.57 ppm and 16.84 ppm, respec-
tively. These changes result from
efforts by the major national standard-
izing laboratories, including the Nation-
al Institute of Standards and Technology
(NIST) ,

formerly the National Bureau of

Standards (NBS)
,
to re-evaluate their as-

maintained units in terms of the Interna-
tional System of Units (SI). The conse-

quence of this activity has been the

introduction of standards representing
the SI units of voltage and resistance by
the International Committee of Weights
and Measures

,
an international body

created by the Treaty of the Meter. ^ The
use of these standards world-wide begin-
ning January 1, 1990, will result in
international consistency of electrical
measurement as well as coherence among
the practical units of length, mass,
electricity, time, etc., inherent in the

definitions of the SI.

Implementation of Changes at NIST

These changes have been instituted in the
U.S. by NIST using the new, interna-
tionally-adopted constants Kj_go - 483
597,9 GHz/V exactly and Rk-9o “ 25 812.807
0 exactly with the Josephson and quantum
Hall effects to establish representations
of the SI volt and ohm, respectively.
The representation of the SI volt is

attained by using Kj.go in the formula

f

Uj(n) n - 1,2,3,...
Kj

to give the voltages Uj(n) of the steps
produced by the ac Josephson effect at a

frequency f. The past value, Kj_72 .
was

483 593.42 GHz/V(NBS-72)
,
thus leading to

the 9.264 ppm change. Likewise, Rx-go is

used in the following formula for the
resistance of the i^^ plateau of a quantum
Hall effect device,

RgCi) “ (Rk = Rh(1))
i

to realize a representation of the SI

ohm. The most recent past national unit
of resistance, n(NBS-48)j., was based on
a group of five Thomas one -ohm standards
and had an uncompensated drift rate of
approximately -0.053 ppm per year. Since
the quantum Hall effect is used as the

national standard, the U.S. representa-
tion of the ohm has no drift, (The past
unit of voltage, V(NBS-72), was based on
the Josephson effect since 1972, and
accordingly had a zero drift rate.)

Reassignments to Non-adiustable
Standards

Since the U.S. practical volt and ohm
units increased on January 1, 1990, the
changes must be implemented in non-
adjustable standards calibrated in terms
of V(NBS-72) and/or fi(NBS-48) only by
reducing the values assigned to them
proportionally. The examples given below
show how to do this for a standard cell
and a standard resistor.

Sample Adjustments of Values of
Standards

Standard cell:

"Old" emf 1.0180564 V(NBS-72)

Multiply "Old" emf by 0.999990736 to get
emf in terms of the present volt
representation 1.01804697 = 1.0180470 V

Standard resistor:

"Old" resistance value
9999.976 n(NBS-48)oi/oi/90

^Note that the SI Units have not been
redefined; rather, they have been
realized more accurately and a quantum
physics representation of the ohm has
been introduced, thus leading to the
changes in magnitude of the practical or
as -maintained units.
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Multiply "Old" resistance by 0.99999831
to get the resistance in terms of the

present ohm representation
9999.9591 = 9999.959 0

In the above, "Old" refers to the value
of the standard which would have been in

use on January 1, 1990, had the changes

not been made; i.e., if a correction
curve based on its past assigned values
has been employed to obtain the

currently-used value for a standard, the

above represents a downward shift of the

curve starting January 1, 1990. For
resistance, the slope of the curve also
changed (slightly) since n(NBS-48) has a

drift rate and 0(NIST-90) does not.

Do not send your standards to NIST for
recalibration on January 1, 1990, unless
they are normally due then. The changes
are accurately known and corrections to

existing standards may be applied.

Adjustment of Instrumentation

An assigned or calibrated value of a
standard is merely a label giving the
magnitude of the parameter embodied in

the standard. The actual emf or resis-
tance of a standard did not change on
January 1, 1990; only what it is called
should have changed. In the same sense,
meter readings are labej.s giving the
magnitudes of the parameters being
measured. Readings taken after January
1, 1990 using unadjusted meters will be
too large in magnitude. Adjustments to

meters must have the effect of reducing
the amplitudes of readings for fixed
emf's or resistances.

Adjustable voltage and current sources or
adjustable resistors for which nominal
output is desired, on the other hand,
must have their outputs increased propor-
tionally by the above amounts. DVM
calibrators are probably the largest
class of this type of instrument.

Guidelines

The National Conference of Standards
Laboratories (NCSL) and NIST have formed
NCSL ad hoc Committee 91.4, Changes in
the Volt and Ohm to assist industry and
government laboratories in coming into
compliance with the changes. A major
responsibility of the committee is the
generation and publication of a set of
guidelines which describes unambiguous
methods for adjusting standards and
instruments, or their values, and delin-
eates other types of problems which may
arise, e.g., voltage values called out
explicitly in maintenance procedures,
values imbedded in software, and the
like. These guidelines have been pub-
lished as NIST Technical Note 1263,
"Guidelines for Implementing the New
Representations of the Volt and Ohm
Effective January 1, 1990." This docu-
ment is available at no charge through
the NIST Electricity Division. To receive
a copy, contact Sharon Fromm at 301-975-

4222.

For further information, contact Norman
B. Belecki (301-975-4223), Ronald F.

Dziuba (301-975-4239), Bruce F. Field
(301-975-4230), or Barry N. Taylor (301-

975-4220)

.

U.S. REPRESENTATIONS OF ELECTRICAL POWER
AND ENERGY

Watt, Var, Volt-Ampere
Joule, Watthour, Varhour

Volt-Ampere-hour, and Q-hour

Background

By international agreement, starting on
January 1, 1990, the U.S. put into place
new representations of the volt and ohm
based, respectively, on the Josephson and
Quantum Hall effects and which are highly
consistent with the International Systems
of Units (SI) .

• Implementation of the new
volt and ohm representations in the U.S.

required that on January 1, 1990, the

value of the present national volt
representation maintained by the National
Institute of Standards and Technology
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(NIST, formerly the National Bureau of
Standards) be increased by 9.264 parts
per million (ppm) and that the value of
the national ohm representation be
increased by 1.69 ppm (1 ppm - O.OOOIX).

The resulting increase in the national
representation of the ampere is 7.57 ppm.

The resulting increase in the national
representations of the electrical quan-

tities of power, namely the watt, var,

and volt-ampere, and the quantities of

energy, namely the joule, watthour,
varhour, volt- ampere -hour

,
and Q-hour is

16.84 ppm.

The adjustment for electrical power and
energy is generally very small compared
to revenue metering measurement uncer-
tainties (typically greater than ±0.1X)
and therefore are not likely to have a

significant effect. Adjustments do not
need to be applied in the above
instances. However, for the highest
accuracy calibrations of power and energy
standards having uncertainties less than
10.020X, adjustments should be made.
Accordingly, all Reports of Calibration
and Reports of Test issued by NIST after
January 1, 1990, reflect the appropriate
changes

.

For instruments calibrated prior to

January 1, 1990, adjustments to the
calibration values due to the change in
the volt and ohm can be made without
instrument recalibration. The adjust-
ments are exact and, if properly applied,
will not introduce any errors. Examples
given below will illustrate proper
procedures for applying the new adjust-
ments .

Adjustments for Wattmeters . Varmeters

.

and Volt-Ampere Meters

Calibrations of wattmeters, varmeters,
and volt- ampere meters at NIST provide
customers with corrections and uncer-
tainties given in units of watts, vars

,

or volt-amperes, as appropriate. Apply-
ing the appropriate adjustment due to the
new representations of the volt and ohm

for power measuring instruments (i.e.,

wattmeters for "real power" and varmeters
for quadrature or imaginary power)
requires minor calculations. First, it

is necessary to assess the magnitude of
the calibration uncertainty in percent
and then decide if applying adjustments
for the change in the volt and ohm are
required. To determine the percentage
uncertainty, simply divide the uncertain-
ty in watts, vars, or volt-amperes by the

product of the applied voltage and
current times the power factor (the real
power) and multiply that quantity by 100,

as

UX - [(U„, U^, or U^a)/
(V^ X I, X PF)] X 100,

where

UX is the uncertainty in percent,
U„ is the calibration uncertainty in

watts

,

Uy is the calibration uncertainty in
vars

,

is the calibration uncertainty in
volt-amperes

,

Vg is the applied voltage in volts,
Ig is the applied current in amperes,

and
PF is the power factor (including its

sign)

.

For example, if the uncertainty is stated
on a Report of Calibration as ±0.060
watts for the calibration of a wattmeter
at an applied voltage of 120 V and an
applied current of 5 A at unity power
factor, then

Percent Uncertainty - UX -= [(±0.060 W)/
(120 V X 5 A X 1)] X 100

= ±0.010X.

If the percentage uncertainty, as calcu-
lated above, is less than ±0.020X, (as it

is in the above example)
,

then it is

recommended that an adjustment of 0.0017X
(0.001684X rounded to four significant
decimal places) due to the new represen-
tations of the volt and ohm be applied.

The second step is the calculation of how
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large the adjustment will be (in units of

watts, vars, or volt-amperes, as ap-

propriate), due to the reassignment of
the volt and ohm. For the same example
given above, if the calibration correc-
tion was given in a Report of Calibration
as +0.052 watts, then the adjustment due

to the change in the volt and ohm may be

calculated by multiplying the product of

the applied voltage and current times the

power factor by 0.000017 (0.0017% ex-

pressed in proportional parts)
,
as

Adjustment “ (V^ x x PF) x 0.000017
Adjustment = (120 Vx5Axl)x

0.000017 - 0.010 watts.

The resulting product should be rounded
to the same number of significant decimal
places as the old calibration correction
was given. This result is then sub-
tracted from the old calibration correc-
tion, as in the following example:

Old Calibration Correction
(prior to 1/1/90) - {+0.052 watts)
less 0.000017 x Applied
Volt-amperes x PF — - (+0 . 010 watts

)

New Calibration Correction
(after 1/1/90) - (+0.042 watts)

If the old calibration correction (prior
to 1/1/90) at test conditions of 120 V,

5 A, and at a power factor of 0.5 lag,

happened to be a negative quantity, for
example, -0.031 watts, then the old
calibrations correction would be
decreased (made more negative) by 0.0017%
of the applied volt-ampere product times
the power factor, as in the following
example

:

Old Calibration Correction
(prior to 1/1/90) - (-0.031 watts)
less 0.000017 x Applied
Volt-amperes x PF = -(+0.005 watts)
New Calibration Correction
(after 1/1/90) - (-0.036 watts)

The process of making the corresponding

change for the varmeter corrections is

identical to that show above. For volt-
ampere meters, the adjustment is made
independent of the power factor (i.e., a
value of PF - 1 may be used). However,
most varmeter and volt -ampere meter
calibrations have stated uncertainties
greater than ±0 . 020% , and hence

, would
not require an adjustment.

Adjustments for Joule. Watt-. Var-

.

Volt-Amoere- and 0-Hour Meters

Applying adjustments to electric energy
measuring instruments (i.e., joule,
watthour, varhour, volt -ampere-hour, and
Q-hour meters) for changes in the repre-
sentation of the volt and ohm, is more
straightforward because the common
calibration constant for energy metering
is expressed as a "percentage registra-
tion." The amount the registration is to

be adjusted can be subtracted directly as
a percentage, regardless of power factor.

For example, if a watthour meter has a

registration of 100.015% before January
1, 1990, then after that date, the new
assigned registration would be decreased
by 0.0017% (rounded from 0.001684%) as

Old percentage registration
(prior to 1/1/90) - 100.015%
less amount due to change
in volt and ohm - -0 . 0017%
New percentage registration
(after 1/1/90) - 100.0133%
Rounded to three significant
decimal places - 100.013%

The process of making the corresponding
changes for the joule, varhour, volt-
ampere-hour and Q-hour meters are identi-
cal to that shown above. If the as-

sociated uncertainty of the calibration
is greater than ±0.020%, no adjustments
are necessary, as stated in the instances
for wattmeters, varmeters, and volt-
ampere meters. The uncertainties for

varhour, volt -ampere -hour, and Q-hour
meters are seldom less than ±0.020%, and
hence adjustments generally do not need
to be made

.
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Reference

N. B. Belecki, R. F. Dziuba, B. F. Field,

and B. N. Taylor, Guidelines for Im-

plementing the New Representations of the

Volt and Ohm Effective January 1, 1990,

NIST Tech. Note 1263, June, 1989.

Copies of the above document are avail-

able at no cost from:

National Institute of Standards and
Technology

Electricity Division, MET B146
Gaithersburg, MD 20899
Telephone: (301) 975-4222

For Further Information

For further information concerning the

above information, contact either John D.

Ramboz (301) 975-2434 or Thomas L. Nelson
(310) 975-2427, or write:

National Institute of Standards and
Technology
Electricity Division, MET B344
Gaithersburg, MD 20899

NEW BROCHURE FOR SEMICONDUCTOR SRMs

Standard Reference Materials for Semi-
conductor Manufacturing Technology lists
a series of SRMs for use in
characterizing semiconductor materials
and processes. The SRMs include a series
of silicon resistivity materials for
calibrating four-probe and eddy-current
test equipment [Technical Contact: James
R. Ehrstein, (301) 975-2060] ;

sizing
materials for calibrating optical micro-
scopes [Technical Contact: Robert D.

Larrabee, (301) 975-2298]; SRMs for
optical measurements [Technical Contact:
Jon Geist, (301) 975-2066]; and sizing
materials for calibrating scanning
electron microscopes

,
SRMs for mechanical

testing. X-ray and photographic films, X-
ray diffraction, and the chemical analy-
sis of materials [General Contact:
Office of Standard Reference Materials,
Cindy Leonard, (301) 975-2023].

1990/1991 CEEE CALENDAR

October 24-26 (Boulder, CO)

Symposium on Optical Materials for High
Power Lasers (Boulder Damage Sjrmposium) .

The Symposium is the principal forum for

the exchange of information on the

physics and technology of materials for
high-power lasers. Co-sponsors in

addition to NIST are ASTM -- Standards
for Materials, Products, Systems 6t

Services; the Center for Research in

Electro-Optics and Lasers at the Univer-
sity of Central Florida; the Defense
Advanced Research Projects Agency;
Lawrence Livermore National Laboratory,
Los Alamos National Laboratory; SPIE --

the International Society for Optical
Engineering; and the Weapons Laboratory
of the U.S. Air Force. Topics on the

agenda include new materials
,
bulk damage

phenomena, surface and thin- film damage,
preparation of optical material, measure-
ment of optical material properties,
design consideration for high-power
systems, and fundamental mechanisms of
laser- induced damage.
[Contact: Aaron A. Sanders, (303) 497-

5341]

November 13, 1990 (Gaithersburg, MD)

Ion Implant Users Group Meeting. NIST,

in cooperation with DoD, will host the

second meeting of the Ion Implant Users
Group on Tuesday, November 13, 1990, at
NIST in Gaithersburg. Topics to be
discussed at the meeting include charg-
ing, safety, and uniformity, as well as

the Group's resources. The inaugural
meeting of the Ion Implant Users Group
was held on August 27, 1990 at NIST. The
Group is open to anyone ;

operators

,

technicians, process engineers, and
researchers are encouraged to become
members. The scope of the topics is open
to those related to ion implantation in

general, with particular emphasis on
topics not addressed elsewhere. The
Group plans to meet on a quarterly basis;
the third meeting of this informal group
has been set for Thursday, February 28,

1991 at NIST.
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[Contact: John Albers, (301) 975-2075]

January 20-31, 1991 (New Orleans, LA)

SEMATECH/ASTM/SEMI/NIST Workshop on
Silicon Materials for Mega-IC Applica-
tions. To foster the understanding of

circuit requirements and silicon proper-
ties that affect circuit performance,
SEMATECH, ASTM, SEMI, and NIST are

sponsoring this Workshop on mega-IC
applications. Working sessions will
consider requirement and specification
issues on the following topics: silicon
substrate and epi wafers, epitaxial
processes, silicon on insulator tech-

nologies, contamination issues, and
diagnostics and metrology. As this
Workshop is being held in conjunction
with meetings of SEMI Standards Commit-
tees and ASTM Committee F-1 on
Electronics, a parallel aim of the
Workshop is to provide guidance to and
increased participation in the silicon-
related standards work of ASTM and SEMI.

[Contact: Robert I. Scace, (301) 975-

2220
]

March 18-21, 1991 (Research Triangle
Park, NC)

First International Workshop on the
Measurement and Characterization of
Ultra- Shallow Doping Profiles in Semicon-
ductors. Sponsored by Microelectronics
Center of North Carolina (MCNC) in
cooperation with the Semiconductor
Research Corporation, the National
Institute of Standards and Technology,
and Northern Telecom Electronics, this
workshop will provide a forum for a

thorough discussion and evaluation of the
different one- and two-dimensional
techniques available for the measurement
of ultra- sh. low doping profiles in
semiconductor . To be presented are
invited papers by preeminent authors
assessing the state of the art of dif-

ferent measurement techniques along with
a prognosis for future extension of each
technique. Topics to be covered by
contributed papers include sputter depth

profiling techniques, spreading resis-
tance measurements, other electrical
characterization techniques, and micro-
scopy for junction profiling and inter-
face characterization. Strategies for
forming very shallow junctions will be
featured in a plenary session.
[Contact: James R. Ehrstein, (301) 975-

2060]

September 8-11, 1991 (Research Triangle
Park, NC)

Third Workshop on Radiation- Induced
and/or Process -Related Electrically
Active Defects in Semiconductor- Insulator
Systems. This workshop is sponsored by
the Microelectronics Center of North
Carolina (MCNC) , North Carolina State
University, and the University of North
Carolina at Charlotte, in cooperation
with the Semiconductor Research Corpora-
tion, the IEEE Electron Devices Society,
and the National Institute of Standards
and Technology. Some areas of interest
are: relationships between processing
and electrically active defect densities,
measui^ment methods, theoretical modeling
of electrically active defects, process
control of the sensitivity of insulators
to ionizing radiation, removal of radia-
tion damage, controlled radiation stan-

dard sources, and memory effects.
[Contact: Jeremiah R. Lowney, (301) 975-

2048]

CEEE SPONSORS

National Institute of Standards and
Technology

U.S. Air Force
Newark Air Force Station; Hanscom Field
Rome Air Development Center; Space &
Missile Organization; U.S. Air Force
Headquarters; Wright-Patterson Air
Force Base

U.S. Army
’ort Belvoir; Fort Monmouth; Fort
Kuachuca; Harry Diamond Laboratory;
Materials & Mechanics Research Center;

Picatinny Arsenal; Strategic Defense
Command; Dugway Proving Ground; AVRAD-
COM (Aviation)

Department of Commerce
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National Oceanic and Atmospheric
Administration
Department of Defense
Advanced Research Projects Agency;
Defense Communication Agency; Defense
Nuclear Agency; Combined Army/Navy/Air
Force (CCG)

Department of Energy
Energy Systems Research; Fusion Energy
Basic Energy Sciences; High Energy 6e

Nuclear Physics
Department of Justice
Law Enforcement Assistance Administra-
tion

U . S

.

Navy
David Taylor Research Center; Naval Sea

Systems Command; Weapons Support
Center/Crane; Office of Naval Research;
Naval Ship Research Development Center;
Naval Air Systems Command; Naval Air
Engineering Center; Aviation Logistics
Center/Patuxent; Naval Explosive
Ordnance Disposal Tech. Center

National Science Foundation
National Aeronautics and Space
Administration
Goddard Space Flight Center; Lewis
Research Center

Nuclear Regulatory Commission
Department of Transportation
National Highway Traffic Safety
Administration

MIMIC Consortium
Various Federal Government Agenices
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