
I 9 United States Department of Commerce
I I I Technology Administration
I I National Institute of Standards and Technology

N/SnR 5086

Bibliography of the

NIST Optoelectronics Division

Edited by
Annie J. Smith

QC

100

.056

NO. 5086

1999





NISTIR 5086

Bibliography of the

NIST Optoelectronics Division

Edited by
Annie J. Smith

Optoelectronics Division

Electronics and Electrical Engineering Laboratory

National Institute of Standards and Technology

Boulder, Colorado 80303-3328

September 1 999

U.S. DEPARTMENT OF COMMERCE, William M. Daley, Secretary

TECHNOLOGY ADMINISTRATION, Gary R. Bachula, Acting Under Secretary for Technology

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY, Raymond G. Kammer, Director



I'i

©SWB'fiKaVfl

'j ‘ i/ ^O V '
. : iiTjdtldiy

r.ruT-‘\/i\:. a-jimt j

i

jalsoJCjO TSlyJ

, bstibr!
,

IWt^nS .L ^rnn/'
*

r ir.ja’^fl i •_',\ne'0^«9nl bn/; tolnnjttjiaii’l'

br»^ ;o .'lutbanJ

^
, H^O M rneuavs^ V 1 WiiViliFiA'?3'J tS,U

'i t .«,,.nvftfl *)( 3Y!^Tn-^^WI'
'

''t



CONTENTS

Page

INTRODUCTION 1

SOURCES AND DETECTORS GROUP, 815.01

HIGH SPEED MEASUREMENTS 9

LASER RADIOMETRY 15

FIBER AND INTEGRATED OPTICS GROUP, 815.02

OPTICAL FIBER METROLOGY 25

INTEGRATED OPTIC METROLOGY 43

OPTICAL COMPONENTS GROUP, 815.03

OPTICAL FIBER SENSORS 46

FIBER AND DISCRETE COMPONENTS 59

OPTICAL MANUFACTURING GROUP, 815.04

DIELECTRIC MATERIALS AND DEVICES 63

SEMICONDUCTOR MATERIALS AND DEVICES 69

CONFERENCE DIGESTS AND PROCEEDINGS 74

MISCELLANEOUS TOPICS 77

AUTHOR INDEX 80

iii



.f

•’{t

. i-io^Touao^ r4i

ir 'U-0'^O^HOT'•)HT3f^ ^'TVIA gaoiltrug'

•

fmrwoioAji M^ZAJ

:
•; Tji '»

'T,'': '•;:iiT^i(
j c'''W‘S£^y^aw.

no jo^rrsM M0H dADJT^r

'OJMat):JAaim... iAOtt^io
3 ^0^11400 aam?.v { aHA

y'ri'^fdu . ,A ouitdium "

-in r‘ A >\.'AL:m
'

'r

M' U'C'CiDr -n a>iA ^''
>^:uia 3JHa.0B3HOO-

^•' nt)r ;.‘jo3WA.uii:)2iM

.3f1Ki MOt.TTf/



A BIBLIOGRAPHY OF THE NIST
OPTOELECTRONICS DIVISION

Annie J. Smith, Editor

INTRODUCTION
Gordon W. Day

The National Institute of Standards and Technology’s (NIST’s) Optoelectronics

Division was established in 1994 to provide the optoelectronics industry with measurement

technology, standards, and traceability to those standards. Optoelectronics research at NIST is

not new, however. The Division’s roots extend to the first NIST (then the National Bureau of

Standards—NBS) work on lasers—research begun in the early 1960s to develop techniques for

measuring their output power or energy.

Laser characterization continues to be an

important activity at NIST. The Optoelectronics

Division maintains national standards for laser

radiometry at a wide range of laser wavelengths,

from the ultraviolet through the mid-infrared.

The Division and its predecessor organizations

have been providing measurement services for

laser power and energy since 1967 and each year

conduct more than 200 calibrations for about 50

customers. Many of these involve the calibration of an optical detector or power meter that

will serve as a local standard at a customer’s facility. Customers represent a wide range of

applications where an accurate knowledge of laser output is important—materials processing,

eye surgery, optical communications, and semiconductor lithography, to name a few.

In the mid-1970s NIST’s (NBS’s) work in optoelectronics expanded to support the

then-infant field of optical communications. At the time, optical fiber manufacturers were

spending about 20 % of their production costs on measurements, and they often could not

agree with their customers on the characteristics of the fiber they sold. NIST has worked on

these problems with manufacturers and users, primarily through industry standards

organizations. Today, measurement quality in the industry is much better and costs are much

lower. High quality instrumentation for characterizing optical fiber is available commercially,

and much of the Division’s work has shifted to the development of artifact standards to

calibrate such instrumentation. As other, newer products pass through this cycle, the Division

continues to assist, providing measurement expertise and often serving as a neutral party, in

the development of voluntary industry standards.

Mission

To provide the optoelectronics industry

and its customers and suppliers with

comprehensive and technically advanced

measurement capabilities, standards, and

traceability to those standards.
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High measurement costs are not acceptable in manufacturing, but better measurements

can sometimes serve as a means of reducing manufacturing costs. Measurements made during

manufacrnring can be used to control the process more effectively, allowing more automation

and leading to less waste and higher quality products. Recognizing that these issues are

particularly important in complex optoelectronic devices, the Division devotes a significant

portion of its resources to the development of measurements for efficient manufacturing.

The Division maintains close cormections to the optoelectronics industry. Division staff

members represent NIST and the U.S. to the major domestic and international standards

organizations active in optoelectronics—the Telecommunications Industry Association (TIA),

the International Electrotechnical Commission (lEC), the International Organization for

Standardization (ISO), and the American National Standards Institute (ANSI)—and provide

impartial technical expertise in their negotiations. The Division typically has several active

Cooperative Research and Development Agreements (CRADAs) with companies and

universities, and is involved in 20 to 30 additional informal collaborations each year. The

Division offers the optoelectronics community an annual short course on laser measurements

and biennially organizes a major international conference on optoelectronic measurements, the

Symposium on Optical Fiber Measurements.

The Division is organized into four groups; the Sources and Detectors Group, the Fiber and

Integrated Optics Group, the Optical Components Group, and the Optoelectronic Manufacturing

Group, which work in eight project areas, as shown above and described below.
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Laser Radiometry

The Laser Radiometry Project develops measurement methods and standards for

characterizing laser sources and detectors used primarily with cw or pulsed radiation, and

develops and maintains measurement services for laser power and energy, optical fiber power, and

related parameters.

Accurate characterization of optoelectronic sources and detectors is important in the

development and use of industrial technologies such as lightwave telecommunications, laser-based

medical instrumentation, materials processing, photolithography, data storage, and laser safety

equipment. This Project focuses on selected critical parameters intrinsic to optoelectronic sources

and detectors, especially the calibration of optical fiber power meters and laser power or energy

meters at commonly used wavelengths and powers or energies. In addition, special test

measurements are available for linearity, spectral responsivity, and spatial uniformity of laser

power meters and detectors. In support of source characterization, measurement methods are

developed to evaluate and reduce laser intensity noise, and to characterize beam intensity profile

and propagation of laser beams. The semiconductor photolithography and corneal sculpting

markets require pulsed excimer laser measurements. Project members participate in national and

international standards committees developing standards for laser safety, laser radiation

measurements (such as beam profile and pointing stability), and optical-power-related

measurements. They extend and improve source and detector characterizations, including

development oflow noise, spectrally flat, highly uniform p3n‘oelectric detectors, high accuracy

transfer standards for optical fiber and laser power measurements, and advanced tunable laser

systems for laser power and energy measurement systems.

High Speed Measurements

High-bandwidth measurements are needed to support high-performance systems which

take advantage ofthe potential bandwidth of optical fiber. Systems presently being installed

operate at 5 to 10 gigabits per second (a bit rate of gigahertz) using pure optical time division

multiplexing (OTDM). Research is being done on the next generation ofOTDM systems at bit

rates of 20 to 40 GHz in laboratories around the world. Methods are needed to characterize the

frequency and impulse response of high speed sources and detectors to at least the third harmonic

of the system modulation rate. Burst mode operation in asynchronous transfer mode networks

requires characterization at very low frequencies. Increasingly tight tolerances in both digital and

analog systems require frequency response measurements with low uncertainty. NIST has

developed highly accurate heterodyne techniques at 1319 nm and 850 nm for measuring detector

frequency response. High-speed optoelectronic system design requires measurement of the phase

response of optoelectronic components. Researchers in the High-Speed Measurements Project are

developing time-domain techniques for measuring optoelectronic phase response with verifiable

accuracy.
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Source and detector noise measurements are required to predict low bit error ratios in computer

interconnects, high carrier-to-noise ratios in analog systems, and to support erbium-doped fiber

amplifier noise figure measurements. NIST is developing methods for calibrating optical noise

measurement systems. The intensive use of laser target designators by the armed forces requires

traceable low level pulse power and energy calibration standards at 1.06 pm and 1.55 pm. NIST
has developed methods for calibrating absolute laser pulse energy and peak power which are

traceable to national CW laser power and energy standards maintained by the Sources and

Detectors Group.

Optical Fiber Metrology

The Optical Fiber Metrology project develops measurement methods and Standard

Reference Materials for optical fibers, and interacts with standards groups to provide a metrology

base for the lightwave communication industry.

Optical fibers have largely replaced coaxial cable in long-distance telecommunications

systems and are rapidly being installed in local-area applications. NIST staff interact with industry

groups to develop measurement methods and reference standards for the characterization ofthese

components. Connecting optical fibers together requires the fibers to have accurately controlled

dimensions. NIST-developed Standard Reference Materials (SRM) for cladding diameter allow

manufacturers to calibrate instrumentation used in manufacturing and quality control; geometrical

standards for fiber coatings, connector ferrules, and mode-field diameter are also available as

SRMs. Dispersion, the variation of propagation velocity with wavelength or polarization, sets the

limit to the rate at which information can be transmitted; measurement methods and standards for

chromatic dispersion are available and polarization-mode dispersion standards are currently under

development. The development of optical amplifiers has brought revolutionary changes to the

design of communications; these new components require special methods of characterization

now in development. Nonlinear properties of fiber such as four-wave mixing and solitons have

been studied and applied to instrumentation. Novel implementations of reflectometry in fiber are

also studied. New methods of characterizing multimode fiber bandwidth with application to high

speed, gigabit local area data networks have also been developed.

Integrated Optic Metrology

Optical waveguides in planar geometries, often called integrated optics, are increasingly

used in communications and other optoelectronic systems. This Project develops measurement

methods for integrated optic waveguides. As more optical fiber is used in local area networks and

moves closer to the home and desk, more passive components, such as splitters and couplers will

be used. The trend to wavelength division multiplexing also adds to the demand for such

components. Devices with large numbers of ports are likely to be less costly to produce using

planar waveguide technology rather than fiber technology. Several companies now manufacture 1

X N splitters using planar technology or are about to market them. There are, however, no

standard measurement procedures or artifact standards similar to those for optical fiber. Nor is it
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obvious how to perform analogous measurements when the mode field pattern of an integrated

optical waveguide is not circularly symmetric or when the normal fiber measurement is performed

using a cutback technique. The Integrated Optic Metrology Project is using such tools as low

coherence reflectometry and refracted near-field scanning to address those measurement issues

which are peculiar to planar waveguide geometries.

Optical Fiber Sensors

The NIST Optical Fiber Sensors project supports the optoelectronics industry by

providing measurements and standards for the characterization of optical materials and

components used in fiber optic sensors, communications systems, and polarimetric instruments.

We also develop and evaluate new fiber optic sensor systems, components, and transducers for

other government agencies and industry. When possible, newly developed sensor technology is

transferred to interested U.S. companies; one recent success is a commercially available current

sensor made from common optical fiber that uses a process developed at NIST.

The polarimetry and interferometry expertise developed from sensor work is also applied

to general component measurements. We are using low-coherence interferometry to characterize

dispersion and other properties of fiber Bragg gratings. The Project has developed a Standard

Reference Material for optical retardance and is working with industry groups to improve

retardance measurements in optical discs and photolithography masks. We are developing

capabilities in imaging Mueller -matrix polarimetry and offer special measurement services for

retardance using the accurate methods developed at NIST.

Fiber and Discrete Components

Advanced optical communications systems use many different types of components to

control and modify propagating signals. The Fiber and Discrete Components Project develops

measurement technology to characterize these components and understand their Umits.

This project is currently conducting research on polarization-dependent loss metrology,

optical fiber photosensitivity, and wavelength standards for optical fiber communications.

Polarization-dependent loss in components affects a system's performance, especially when many

components are in the system. We are developing a polarization-dependent loss calibration

standard for commercial test instruments. Photo-induced Bragg gratings in optical fiber are

important components of wavelength filters and dispersion compensators for wavelength division

multiplexed (WMD) optical fiber communications systems, and are also excellent strain sensors.

The project conducts research on the photosensitivity mechanism responsible for the grating

inscription process in optical fiber and other materials.. The project is also developing Standard

Reference Material absorption cells for wavelength calibration in the WDM region. These cells

can be used to calibrate the instruments that characterize the spectrum of sources and the

wavelength dependence of components. This calibration capability will become increasingly

important as more WDM optical communication systems are implemented.
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Dielectric Materials and Devices

NIST is developing measurement methods and acquiring critical materials data to improve

the manufacturing of dielectric optical devices. Of current concern are the ferroelectric materials,

lithium niobate and lithium tantalate, used in optical waveguide modulators, switches, and

micro-lasers, and the glasses used in waveguide splitters, couplers, lasers, and optical amplifiers.

Using nonlinear optical analysis, NIST researchers are measuring the compositional uniformity of

substrate material and deposited layers. Rapid, nondestructive testing of uniformity across a

wafer, or from wafer to wafer, aids substrate and device manufacturers in processing decisions

which increase device yield. Additionally, various periodically poled structures for specialized

frequency conversion applications, optical parametric oscillators (OPOs), etc., are under

investigation. In collaboration with industry and with support fi'om other governmental agencies,

NIST is improving methods for the manufacture of compact, rare-earth-doped waveguide lasers

and amplifiers. This work includes ultrafast passively mode-locked and Q-switched waveguide

lasers.

Measurements of dopant difiusion and solubility in substrate material and the absorption

and emission spectra of doped waveguides are combined with computer models to characterize

the influence of glass chemistry, ferroelectric domain-reversed regions, and other critical

parameters. Grating-based integrated optical components are gaining importance for wavelength

division multiplexing, dispersion compensation, single-frequency lasers, and optical sensors. NIST
scientists in the Dielectric Materials and Devices Project are studying the processing and

metrology issues which lead to compact, robust cw and pulsed solid-state laser and nonlinear

optical devices having high efficiency.

Semiconductor Materials and Devices

The commercial success of semiconductor optoelectronic devices requires low-cost

manufacturing for an ever-widening array of applications: telecommunications, computer

interconnects, data storage, display, printing, and sensor systems. NIST scientists in this project

develop measurement methods and provide data to support the efficient manufacture of devices

such as diode lasers, light-emitting diodes, photodetectors, and modulators. They also invent and

develop advanced devices to support research in NIST, other government agencies, and industry.

This Project is investigating the potential and limitations of optical instrumentation for the

in situ monitoring of compound semiconductor epilayer deposition. Researchers correlate data

from several in situ and ex situ measurement techniques to improve the measurement accuracy,

with the goal of developing standard test procedures and reference materials. The project has

begun to address the issue of impurity evaluation in source gases used for epitaxial deposition.

Collaborative research has led to the high-resolution probing of vertical-cavity, surface-emitting

laser (VCSEL) emission by near-field scanning optical microscopy, and to the measurement of the

dielectric constants of native oxides used in VCSEL fabrication. Ultrafast pulse measurement

capability is applied to materials characterization and next-generation, high-speed communications

research. Researchers in this project fabricate semiconductor quantum well and quantum dot
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devices (in-plane lasers, VCSELs, high-speed resonant-cavity photodiodes, and saturable

absorbers, for example) for use in metrology, sensing, and the understanding of manufacturing

process limitations. The Optoelectronic Manufacturing Group combines its expertise to

demonstrate hybrid integrated devices such as pulsed, solid-state waveguide lasers.

Publications

This bibliography provides one means of access to the work of the division. It includes

most ofthe papers published by the Division and its predecessor organization since 1970. A few

important earlier papers and a few papers published by present NIST staffbefore they joined the

Institute are included. The document is organized by subject, along the project lines defined

above. It is updated annually. The references are presented in inverse chronological order with

the most recent first and followed by an author index

Purchase Procedures

NIST (NBS) Technical Notes, Special Publications, Handbooks, Journals of Research,

and Monographs may be purchased from the U.S. Government Printing Office at the following

address: New Orders, Superintendent ofDocuments, P.O. Box 371954, Pittsburgh, PA 15250-

7954, (202) 512-1800. Orders may be paid by major credit card, NTIS Deposit Account, or

check or money order payable in U.S. dollars to the Superintendent ofDocuments. The

Government Printing Office usually stocks these publications for only a year or two, after which

they may be purchased from the National Technical Information Service at the address listed

below. The GPO web site is http://www.access.gpo.gov/.

NIST (NBS) Interagency/Intemal Reports (NISTIRs, NBSIRs) may be purchased from

the National Technical Information Service, Springfield, VA 22161, (703) 487-4650. Orders may
be paid by major credit card, NTIS Deposit Account, or check or money order payable in U.S.

dollars to NTIS. The NTIS web site for information and ordering is http://www.ntis.gov/.

Reprints of papers pubhshed in non-NIST media may be available in limited quantities

from the authors.

A Note on Abbreviations

On August 23, 1988, the National Bureau of Standards (NBS) became the National

Institute of Standards and Technology (NIST); therefore, documents with either prefix are

considered NIST publications.
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Most readers are familiar with the commonly used abbreviations for the names of the

professional journals that appear in this bibliography. Some publication series are peculiar to

NIST and may call for explanation. They are:

NISTIR - NIST Interagency/Intemal Report

NIST TN - NIST Technical Note

NIST SP - NIST Special Publication

NIST HB - NIST Handbook

NIST IRES - Journal of Research of the NIST
NIST MN - NIST Monograph

NBSIR - NIST Interagency/Intemal Report

NBS TN - NIST Technical Note

NBS SP - NIST Special Publication

NBS HB - NIST Handbook

NBS JRES - Journal of Research of the NBS
NBS MN - NIST Monograph
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Proc., Inti. Laser Safety Conf., March 17-20, 1997, Orlando, FL, 279-288;

Jul 97

FO Connector Types Affect Power Measurements;

Vayshenker, L; Li, X.; Keenan, D.A.; Scott, T.R.

Test Meas. World: 23 & 25; Feb 97



Electronics and Electrical Engineering Laboratory

Optoelectronics Division

1 6 Sources and Detectors Group, 815.01

Laser Radiometry

Errors Due to Connectors in Optical Fiber Power Meters;

Vayshenker, I.; Li, X.; Keenan, D.A.; Scott, T.R.
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Tech. Dig., Symp. on Optical Fiber Meas., in NIST SP 905, 101-104; Oct 96

Thermal Modeling and Analysis of Laser Calorimeters;
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Yang, S.; Hjelme, D.R.; Januar, I.P; Vayshenker, L; Mickelson, A.R.
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Case, W.E.; Sanders, A.A.
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NBS TN 1009; Jan 79

Improvements in a Calorimeter for High-Power CW Lasers;

Chamberlain, G.E.; Simpson, P.A.; Smith, R.L.
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NBSIR 77-858; May 77

An NBS Laser Measurement Assurance Program (MAP);

Sanders, A. A.; Cook, A.R.
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NBS TN 678; Mar 76

Laser Attenuators for the Production of Low Power Beams in the Visible and 1.06 Micron

Regions;

Danielson, B.L.; Beers, Y.

NBS TN 677; Jan 76

Radiometry without Standard Sources/Electrically Calibrated Pyroelectrics;

Phelan, R.J., Jr.; Hamilton, C.A.; Day, G.W.
Proc., SPIE, Vol 62: 159-165; 75



22

Laser Radiometry

Electronics and Electrical Engineering Laboratory

Optoelectronics Division

Sources and Detectors Group, 815.01

Pyroelectric Radiometers Get Off the Drawing Board;

Hamilton, C.A.; Phelan, R.J., Jr.; Day, G.W.
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Proc., IEEE Lasers and Electro-Optics Society, 11th Annual Mtg., Vol 2, Dec

3-4, 1998, Orlando, FL, 309-310; Dec 98

Are the Formulas for Mode-Field Diameter Correct?;
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Tech. Dig., Symp. on Optical Fiber Meas., in NIST SP 930, 127-130; Sep 98

Narrowband Measurements of Polarization-Mode Dispersion Using the Modulation Phase Shift
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Metrologia 34: 449; 97

Bibliography of NIST Publications on Multimode Optical Fibers;
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Schlager, J.B.; Mechels, S.E.; Franzen, D.L.
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IEEE Photonics Tech. Lett. 9(6): 794-796; Jun 97

Robust Regression Applied to Optical-Fiber Dimensional Quality Control;
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Schlager, J.B.; Mechels, S.; Franzen, D.L.

Tech. Dig., Optical Fiber Communication Conf. (OFC '96), Feb 25-Mar 1,

1996, San Jose, CA, Vol 6: 293-294; Mar 96

Anomalous Relation Between Time and Frequency Domain PMD Measurements;
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1995, San Diego, CA, Vol 8: 239-240; 95

Off-Axis Illumination and its Relation to Partial Coherence;

Young, M.; Hale, P.D.

Am. J. Phys. 63(12): 1136-1141; Dec 95

Accurate Zero-Dispersion Wavelength Measurements in Single-Mode Fibers: Two Frequency-

Domain Methods;

Mechels, S.E.; Schlager, J.B.; Franzen, D.L.

Proc., IEEE Lasers and Electro-Optics Society, 8th Annual Mtg, Vol 2, Nov 1-

2, 1995, San Francisco, CA, 75-76; Nov 95

Optical Fiber, Fiber Coating, and Connector Ferrule Geometry: Results of Interlaboratory

Measurement Comparisons;

Drapela, T.J.; Franzen, D.L.; Young, M.
NIST TN 1378, 61 pp; Nov 95

Cladding Standard Improves Fiberoptic Measurements;

Young, M.
Laser Focus World, 31(10): 26-32; Oct 95

Accurate Measurements of Zero-Dispersion Wavelength in Single-Mode Fibers;

Mechels, S.; Franzen, D.L.

Tech. Prog., OFMC'95, 3rd Optical Fibre Measurement Conf., Sep 25-26,

1995, Liege, Belgium; Sep 25, 95

Fiber Coating Diameter: Toward a Glass Artifact Standard;

Williams, D.H.; Young, M.; Tietz, L.A.

Tech. Prog., OFMC'95, 3rd Optical Fibre Measurement Conf., Sep 25-26,

1995, Liege, Belgium III. 2; Sep 95

Vector and Quasi-Vector Solutions for Optical Waveguide Modes Using Efficient Galerkin's

Method with Hermite-Gauss Basis Functions;

Weisshaar, A.; Li, J.; Gallawa, R.L.; Goyal, I.C.

J. Lightwave Tech. 13(8): 1795-1800; Aug 95
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Millimeter-Resolution Optical Time-Domain Reflectometry Using a Four Wave Mixing

Sampling Gate;

Schlager, J.B.; Jinno, M.; Franzen, D.L.

Photonic Tech. Lett. 7(2): 206-208; Feb 95

Fiber Splice Loss: A Simple Method of Calculation;

Gallawa, R.L.; Kumar, A.; Weisshaar, A.

Opt. Quant. Electron. 26: S165-S172; 94

Optical Sampling Using Nondegenerate Four-Wave Mixing in a Semiconductor Laser

Amplifier;

Jinno, M.; Schlager, J.B.; Franzen, D.L.

Tech. Dig., Opt. Soc. Am., Optical Amplifiers and Their Applications Topical

Mtg., Vol 14, Aug 3-5, 1994, Breckenridge, CO, 147-149; 94

Calculated Fiber Attenuation: A General Method Yielding Stationary Values;

Gallawa, R.L.; Goyal, I.C.; Ghatak, A.K.

J. Lightwave Tech. LT-11(12): 1900-1904; Dec 94

Software for Performing Gray-Scale Measurements of Optical Fiber End Faces;

Wang, C.-M.; Vecchia, D.F.; Young, M.; Brilliant, N.A.

NIST TN 1370; Nov 94

Video Microscopy Applied to Optical Fiber Geometry Measurements;

Brilliant, N.A.; Alpert, B.K.; Young, M.
NIST TN 1369; Nov 94

Optical Sampling Using Nondegenerate Four-Wave Mixing in a Semiconductor Laser

Amplifier;

Jinno, M.; Schlager, J.B.; Franzen, D.L.

Electron. Lett. 30(18): 1489-1490; Sep 1, 94

Fiber Geometry: Results of an International Interlaboratory Measurement Comparison;

Drapela, T.J.; Franzen, D.L.; Young, M.
Tech. Dig., Optical Fiber Meas. Symp., in NIST SP 864, 129-132; Sep 94

Lightwave Standards Development at NIST;

Franzen, D.L.

Proc., DoD Fiber Optics Conf.'94, Optical Networks in the Concept of a

Global Grid, Mar 22-24, 1994, McLean, VA, 443-445; Mar 94



30

Electronics and Electrical Engineering Laboratory

Optoelectronics Division

Fiber and Integrated Optics Group, 815.02

Optical Fiber Metrology

Lx)w-Coherence Interferometric Measurement of Group Transit Times in Precision Optical

Fiber Delay Lines;

Danielson, B.L.

Tech. Dig., 2nd Optical Fibre Meas. Conf., Sep 21-22, 1993, Torino, Italy,

159-162; 93

Outlier-Resistant Fitting of Gray-Scale Images Illustrated by Optical Fiber Geometry;

Vecchia, D.F.; Wang, C.-M.; Young, M.
Proc., 1993 Meas. Sci. Conf., Jan 21-22, 1993, Los Angeles, CA,, 1-10; 93

High-Sensitivity Optical Sampling Using an Erbium-Doped Fiber Laser Strobe;

Schlager, J.B.; Hale, P.D.; Franzen, D.L.

Microwave Opt. Tech. Lett. 6(15): 835-837; Dec 5, 93

Vector Theory of Diffraction by a Single-Mode Fiber: Application to Mode-Field Diameter

Measurements;

Young, M.; Wittmann, R.C.

Opt. Lett. 18(20): 1715-1717; Oct 15, 93

Conference Report: Symposium on Optical Fiber Measurements;

Franzen, D.L.; Day, G.W.
NIST JRES 98(2): 253-255; Mar-Apr 93

Optical Fiber Geometry: Accurate Measurement of Cladding Diameter;

Young, M.; Hale, P.D.; Mechels, S.E.

NIST JRES 98(2): 203-216; Mar-Apr, 93

Fiber Spot Size: A Simple Method of Calculation;

Gallawa, R.L.; Goyal, I.C.; Ghatak, A.K.

J. Lightwave Tech. LT-11(2): 192-197; Feb 93

Pump-Induced Dispersion of Erbium-Doped Fiber Measured by Fourier-Transform

Spectroscopy;

Hickemell, R.K.; Yamada, M.; Shimizu, M.; HOriguchi, M.
Opt. Lett. 18(1): 19-21; Jan 1, 93

Optical Fiber Geometry: Accurate Measurement of Cladding Diameter;

Young, M.; Mechels, S.E.; Hale, P.D.

Proc., Conf. on Prec. Electromagn. Meas. '92, 202-203; Jan 93
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Transfer Functions for Characterizing Multimode Optical Fiber Components;

Yang, S.

NISTIR 3997, 132 pp; Jan 93

Anharmonic Oscillator Analysis Using Modified Airy Functions;

Goyal, I.C.; Roy, S.; Ghatak, A.K.; Gallawa, R.L.

Can. J. Phys. 70: 1218-1221; 92

Fiber Cladding Diameter Measurement by White Light Interference Microscopy;

Hale, P.D.; Franzen, D.L.

NIST SP 839; 92

Multiwavelength Birefringent-Cavity Mode-Locked Fiber Laser;

Takara, H.; Kawanishi, S.; Saruwatari, M.; Schlager, J.B.

Tech. Dig., Conf. on Lasers and Electro-Optics (CLEO'92), May 10-15, 1992,

Anaheim, CA, 250-251; 92

Overview of Photonic Primary Standards Development;

Franzen, D.L.

Dig. '92, DoD Fiber Optic Conf., 357-358; 92

Scanning Confocal Microscope for Accurate Dimensional Measurement;

Mechels, S.E.; Young, M.
Proc., SPIE, Vol 1660, Biomedical Image Processing and Three-Dimensional

Microscopy: 542-550; 92

Multi-Wavelength Birefringent-Cavity Mode-Locked Fibre Laser;

Takara, H.; Kawanishi, S.; Saruwatari, M.; Schlager, J.B.

Electron. Lett. 28(25): 2274-2275; Dec 3, 92

Accurate Measurements of Fiber Cladding Diameter;

Young, M.; Mechels, S.E.; Hale, P.D.

Tech. Dig., Optical Fiber Meas. Symp., in NIST SP 839, 55-58; Sep 92

Fiber Cladding Diameter Measurement by White Light Interference Microscopy;

Hale, P.D.; Franzen, D.L.

Tech. Dig., Optical Fiber Meas. Symp., in NIST SP 839, 51-54; Sep 92

Single-Mode Fiber Geometry and Chromatic Dispersion: Results of Interlaboratory

Comparisons;

Drapela, T.J.; Franzen, D.L.; Young, M.

Tech. Dig., Optical Fiber Meas. Symp., in NIST SP 839, 187-190; Sep 92
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Optical Fiber Geometry by Gray-Scale Analysis with Robust Regression;

Mamileti, L.; Young, M.; Wang, C.-M.; Vecchia, D.F.

Appl. Opt. 31(21): 4182-4185; Jul 20, 92

Metrology Applications of Mode-Locked Erbium Fiber Lasers;

Schlager, J.B.; Hale, P.D.; Franzen, D.L.

Proc., Conf. on Prec. Electromagn. Meas. '92, 261; Jun 92

Optical Fiber Geometry: Accurate Measurement of Cladding Diameter;

Young, M.; Mechels, S.E.; Hale, P.D.

Conf. Prec., Electromagn. Meas. '92, 202-203; Jun 92

LPji-Mode Leakage Loss in Coated Depressed Clad Fibers;

Pal, B.P.; Gallawa, R.L.; Goyal, I.C.

Photon. Tech. Lett. 4(4): 376-378; Apr 92

Dispersion-Shifted Dual-Shape Core Fibers: Optimization Based on Spot-Size Definitions;

Tewari, R.; Pal, B.P.; Das, U.K.

J. Lightwave Tech. LT-lO(l): 1-5; Jan 92

Scanning Confocal Microscopy for Measuring Diameter and Linewidth: Numerical

Modelling;

Obarski, G.E.; Drapela, T.J.; Young, M.
Proc., SPIE, Vol 1640: 761-772; Jan 92

Fiber Cladding Diameter by Contact Micrometry;

Young, M.
Proc., Optical Fibre Meas. Conf., Sep 17-18, 1991, York, U.K., 123-126; 91

Scanning Confocal Microscope for Precise Measurements of Optical Fiber Diameter;

Mechels. S.E.; Young, M.
Proc., SPIE, Vol 1556: 164-170; 91

Video Microscope v iih Sub-Micrometer Resolution;

Mechels. S.E.; Young, M.

Appl. Opt. 30: 2202-2211; 91

Modified Airy Function and WKB Solutions to the Wave Equation;

Ghatak, A.K.; Gallawa, R.L.; Goyal, I.C.

NIST MN 176; Nov 91
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Absolute Optical Ranging Using Low Coherence Interferometry;

Danielson, B.L.; Boisrobert, C.Y.

Appl. Opt. 30(21): 2975-2979; Jul 20, 91

Symposium on Optical Fiber Measurements;

Day, G.W.; Franzen, D.L.

NIST JRES 96(2): 231-232; Mar-Apr, 91

Measurement Standards to Support Photonics Technology;

Franzen, D.L.

Proc., IEEE Instrum. Meas. Tech. Conf., Feb 13-15, 1990, San Jose, CA,
326-328; 90

Recirculating Pulse Erbium-Fiber Ring Amplifier;

Schlager, J.B.; Yamabayashi, Y.; Franzen, D.L.

Proc., Optical Fiber Communication Conf. (OFC'90), Jan 22-26, 1990, San

Francisco, CA; 90

Analyzing Integrated Optical Waveguides: A Comparison of Two New Methods;

Tu, Y.; Goyal, I.C.; Gallawa, R.L.

Appl. Opt. 29(36): 5313-5315; Dec 20, 90

Standards for Optical Fiber Geometry Measurements;

Young, M.
NIST SP 792; Sep 90

Subpicosecond Pulse Compression and Raman Generation Using a Mode-Locked

Erbium-Doped Laser Amplifier;

Schlager, J.B.; Hale, P.D.; Franzen, D.L.

Photonics Tech. Lett. 2(8): 562-564; Aug 90

Soliton-Like Compression of Pulses from Erbium-Fiber Lasers;

Schlager, J.B.; Yamabayashi, Y.; Franzen, D.L.

Proc., European Conf. on Optical Communications, ECOC'89, Sep 10-14,

1989, 62-65; 89

Mode-Locked Long-Cavity Erbium Fiber Lasers with Subsequent Soliton-Like Compression;

Schlager, J.B.; Yamabayashi, Y.; Franzen, D.L.; Juneau, R.L

Photonics Tech. Lett. 1(9): 264-266; Sep 89
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A Comparison of Far-Field Methods for Determining Mode Field Diameter of Single-Mode

Fibers Using Both Gaussian and Petermann Definitions;

Drapela, TJ.; Franzen, D.L.; Cherin, A.H.; Smith, RJ.

J. Lightwave Tech. 7(8): 1153-1157; Aug 89

Numerical Aperture of Multimode Fibers by Several Methods: Resolving Differences;

Franzen, D.L.; Young, M.; Cherin, A.H.; Head, E.D.; Hackert, M.; Raine, K.;

Baines, J.

J. Lightwave Tech. LT- 7(6): 896-910; Jun 89

A Standard Reference Fiber for Calibration of Optical Time Domain Reflectometers;

Danielson, B.L.; Whittenberg, C.; Drapela, T.J.

Tech. Dig., 35th Inti. Instrumentation Symp., Paper 4.6; May 89

Spatial Filtering Microscope for Linewidth Measurements;

Young, M.
Appl. Opt. 28(8): 1467-1473; Apr 15, 89

Profile Inhomogeneity in Multimode Graded-Index Fibers;

Oates, C.W.; Young, M.

J. Lightwave Tech. LT-7(3): 530-532; Mar 89

Measurement Standards for Single-Mode Fibers;

Franzen, D.L.

Proc., 1988 Conf. on Prec. Electromagn. Meas., 121-122; 88

Optical Fiber Measurements: Results of Interlaboratory Evaluations;

Franzen, D.L.

Proc., SPIE, Vol 992: 242-244; 88

An Electronic Industries Association Interlaboratory Comparison to Resolve Differences in

Multimode Fiber Numerical Aperture Measurements;

Cherin, A.H.; Head, E.; Franzen, D.L.; Young, M.; Hackert, M.

Tech. Dig., Optical Fiber Meas. Symp., in NIST SP 748, 157-160; Sep 88

Interlaboratory Comparison of Far-Field Methods for Determining Mode Field Diameter

Using Both Gaussian and Petermann Definitions;

Drapela, T.J.

NBS SP 748, 179-182; Sep 88
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Group Index and Time Delay Measurements of a Standard Reference Fiber;

Danielson, B.L.; Whittenberg, C.D.

NBSIR 88-3091, 20 pp; Jul 88

Interferometric Dispersion Measurements on Small Guided-Wave Structures;

Danielson, B.L.; Whittenberg, C.

Tech. Dig., Conf. on Lasers and Electro-Optics (CLEO '88), pages

unnumbered; Apr 88

Conference Report: Symposium on Optical Fiber Measurements;

Day, G.W.; Franzen, D.L.

NBS IRES Vol 92: 69-70; 87

Optical Fiber Metrology at the National Bureau of Standards;

Franzen, D.L.

Proc., DoD/ANSI/EIA Fiber Optics Standardization Symp., 222-223; 87

Calibration and Standardization Issues for the Optical Time-Domain Reflectometer;

Danielson, B.L.

NBSIR 87-3078, 16 pp; Dec 87

Guided-Wave Reflectometry with Micrometer Resolution;

Danielson, B.L.; Whittenberg, C.D.

Appl. Opt. 26(14): 2836-2842; Jul 15, 87

Image Processing Software for Optical Engineering;

Weppner, M.B.; Young, M.

NBSIR 87-3065; Apr 87

Optical Sampling with Gain-Switched Pulse Compressed Distributed-Feedback Laser Diodes;

Franzen, D.L.; Yamabayashi, Y.; Kanada, T.

Electron. Lett. 23(6): 289-290; Mar 87

Attenuation Measurements on Deformed Optical Fibers;

Engelsrath, A.; Danielson, B.L.; Franzen, D.L.

NBSIR 86-3052, 28 pp; 86

Measurement Procedures for Optical Fiber and Related Components;

Danielson, B.L.; Day, G.W.; Franzen, D.L.; Gallawa, R.L.; Kim, E.; Phelan, R.J.,

Jr.; Young, M.
Rome AFB NY, RADC-TR-86-81; Aug 86
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A Comparison of Three Bandwidth Measurements Techniques for Optical Fibers;

Shao, Y.; Gallawa, R.L.

IEEE Trans. Instrum. Meas. IM-35(2): 187-194; Jun 86

Single Mode Fiber Dispersion Measurements Using Optical Sampling with a Modelocked

Laser Diode;

Kanada, T.; Franzen, D.L.

Opt. Lett. 11: 330-332; May 86

Standard Measurement Procedures for Characterizing Single-Mode Fiber;

Franzen, D.L.

Conf. Dig., Test and Measurement World Expo., San Jose, CA; Apr 86

Optical Waveform Measurement by Optical Sampling/Cross Correlation with a Mode Locked

Laser Diode;

Kanada, T.; Franzen, D.L.

Opt. Lett. 11(1): 4-6; Jan 86

Interlaboratory Measurement Comparison among Fiber Manufacturers to Determine the

Effective Cutoff Wavelength and Mode-Field Diameter of Single-Mode Fiber;

Franzen, D.L.

Tech. Dig., Optical Fiber Communication Conf., Feb 11-13, 1985, San Diego,

CA, 36; 85

Introduction to Fiber Optics: Short-Haul and Long-Haul Measurements and Applications III;

Gallawa, R.L.

Proc., SPIE, Vol 599: vi; 85

Pulse Spectrum Analysis Method of Measuring Fiber Bandwidth;

Yang, S.; Alvarez, R.; Weimer, C.; Gallawa, R.L.

Proc., SPIE, Vol 559: 207-210; 85

Some Issues in Optical Fiber Bandwidth Measurement;

Yang, S.; Gallawa, R.L.

Proc., IEEE Instrumentation and Measurement Conf., Mar 20-22, 1985,

Tampa, FL, 228; 85

Use of Mode Transfer Matrices in L.A.N. Loss Evaluation;

Maisonneuve, J.M.; Churoux, P.; Gallawa, R.L.

Proc., SPIE, Vol 559: 182-185; 85
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Determining the Mode-Field Diameter of Single-Mode Optical Fiber: An Interlaboratory

Comparison;

Franzen, D.L.; Srivastava, R.

J. Lightwave Tech. LT-3(5): 1073-1077; Oct 85

Optical Time-Domain Reflectometer Specifications and Performance Testing;

Danielson, B.L.

Appl. Opt. 24(15): 2313-2322; Aug 1, 85

Determining the Effective Cutoff Wavelength of Single-Mode Fibers: An Interlaboratory

Comparison;

Franzen, D.L.

J. Lightwave Tech. LT-3(1): 128-133; Feb 85

Intramodal Part of the Transfer Function for an Optical Fiber;

Rodhe, P.M.

J. Lightwave Tech. LT-3(1): 154-158; Feb 85

The Bandwidth of a Multimode Fiber Chain;

Rodhe, P.

J. Lightwave Tech. LT-3(1): 145-154; Feb 85

Conference Repx)n: Fiber Optics Emphasis on Single Mode;

Franzen, D.L.; Day, G.W.
1984 Optical Fiber Measurements Symp., in NBS JRES 90(1): 49 pp;

Jan-Feb 85

Attenuation of Multimode Fused Silica Optical Fibers Cooled to Liquid Helium Temperatures;

Engelsrath. A.; Larson, D.R.; Phelan, R.J., Jr.; Franzen, D.L.

Proc., SPIE, Vol 499: 124-130; Aug 84

Equivalent Step-Index Parameters in Single-Mode Fibers: Measurement and Applications;

Srivastava, R.

Proc., SPIE, Vol 500: 27-36; Aug 84

Measurement of Multimode Optical Fiber Attenuation: An NBS Special Test Service;

Gallawa. R.L.; Chamberlain, G.E.; Day, G.W.; Franzen, D.L.; Young, M.

NBSIR 83-1691; Feb 84

Birefringence Measurements in Single Mode Optical Fiber;

Day, G.W.
Proc., SPIE, Vol 425: 72-79; 83
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Estimating Index Profiles of 1.3 pm Single Mode Fibers by Near-Field Measurements at Blue

Wavelengths;

Kim, E.M.; Franzen, D.L.; Young, M.; Rodhe, P.M.

J. Lightwave Tech. LT-1(4): 562-566; Dec 83

Optical Fiber Characterization Attenuation Frequency Domain Bandwidth and Radiation

Patterns;

Chamberlain, G.E.; Day, G.W.; Franzen, D.L.; Gallawa, R.L.; Kim, E.M.; Young,

M.
NBS SP 637, Vol II; Oct 83

Measurement of Multimode Optical Fiber Attenuation: An NBS Special Test Service;

Gallawa, R.L.; Chamberlain, G.E.; Day, G.W.; Franzen, D.L.; Young, M.
NBS TN 1060; Jun 83

Optical Time-Domain Reflectometer Performance and Calibration Studies;

Danielson, B.L.

NBS TN 1064; Jun 83

Two-Dimensional Near-Field Contouring of Optical Fiber Cores;

Kim, E.M.; Franzen, D.L.

Proc., SPIE, Vol 355: 76-83; Jun 83

FIA Fiber Performance Measurement Standards;

Gallawa, R.L.; Franzen, D.L.

Photonics Spectra, 55-68; Apr 83

An Inter-Laboratory Measurement Comparison of Core Diameter on Graded-Index Optical

Fibers;

Kim, E.M.; Franzen, D.L.

NBS SP 641; Oct 82

Measurement of the Core Diameter of Graded-Index Optical Fibers: An Interlaboratory

Comparison;

Kim, E.M.; Franzen, D.L.

Appl. Opt. 21(19): 3443-3450; Oct 82

Optical Fiber Characterization;

Day, G.W.; Danielson, B.L.; Franzen, D.L.; Kim, E.; Young, M.

NBS SP 637, Vol I; Jul 82
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Calibration Reticle for Optical Fiber Near-Field Core Diameter Measurements;

Kim, E.M.; Franzen, D.L.

Tech. Dig., Conf. on Free. Electromagn. Meas.; May 82

Characterization of a Concentric-Core Fiber;

Danielson, B.L.; Franzen, D.L.; Gallawa, R.L.; Kim, E.M.; Young, M.
NBSIR 82-1661; Apr 82

On the Definition of Fiber Numerical Aperture;

Gallawa, R.L.

Electro-Optical Systems Design, 47; Apr 82

Book Review: Principles of Optical Fiber Measurements by D. Marcuse;

Young, M.
Laser Focus, 118-119; Jan 82

Optical Waveguide Communications Glossary;

Hanson, A.G.; Bloom, L.R.; Day, G.W.; Gallawa, R.L.; Gray, E.M.; Young, M.
NBS HB 140; Jan 82

Long Optical Fiber Fabry Perot Interferometers;

Franzen, D.L.; Kim, E.M.

Appl. Opt. 20(23): 3991-3992; 81

An Optical Waveguide Communications Glossary Revised;

Hanson, A.G.; Bloom, L.R.; Day, G.W.; Young, M.; Gray, E.M.; Gallawa, R.L.

NBS HB 140; Dec 81

Backscatter Signature Simulations;

Danielson, B.L.

NBS TN 1050; Dec 81

Book Review: Optical Fibre Communication (invited review);

Gallawa, R.

IEEE Spectrum 18(11): 81-82; Nov 81

Optical Fiber Index Profiles by Reffacted-Ray Scanning;

Young, M.
Appl. Opt. 20(19): 3415-3421; Oct 81
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Measurement of Optical Fiber Bandwidth in the Frequency Domain;

Day, G.W.
NBS TN 1046; Sep 81

Standardizing Test Conditions for Characterizing Fibers;

Franzen, D.L.; Day, G.W.; Gallawa, R.L.

Laser Focus 17: 103-105; Aug 81

Interlaboratory Measurement Comparison to Determine the Attenuation and Bandwidth of

Graded-Index Fibers;

Franzen, D.L.; Day, G.W.; Danielson, B.L.; Chamberlain, G.E.; Kim, E.M.

Appl. Opt. 20(14): 2412-2419; Jul 15, 81

The Characterization of Optical Fiber Waveguides: A Bibliography with Abstracts 1970-1980;

Day, G.W.
NBS TN 1043; Jun 81

Refracted-Ray Scanning (Refracted Near-Field Scanning) for Measuring Index Profiles of

Optical Fibers;

Young, M.
NBS TN 1038; May 81

Present NBS Capability in Optical Fiber Measurements;

Day, G.W.; Franzen, D.L.

Proc., 1st Inti. DoD/Industry Fiber Optics Standards Conf., Washington, DC;

Apr 81

Results of an Interlaboratory Measurement Comparison Among Fiber Manufacturers to

Determine Attenuation Bandwidth and Numerical Aperture of Graded Index Optical Fibers;

Franzen, D.L.; Day, G.W.; Danielson, B.L.; Kim, E.M.

Dig., 3rd Inti. Conf. Integrated Optics and Optical Fiber Comm., San

Francisco, CA; Apr 81

Results of an Inter-Laboratory Measurement Comparison to Determine the Radiation Angle

(NA) of Graded Index Optical Fibers;

Franzen, D.L.; Kim, E.M.

Appl. Opt. 20(7): 1218-1220; Apr 81

Backscatter Measurements in Optical Fibers;

Danielson, B.L.

NBS TN 1034; Feb 81
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Measurement of Far-Field and Near-Field Radiation Patterns from Optical Fibers;

Kim, E.M.; Franzen, D.L.

NBS TN 1032; Feb 81

Progress in Fiber Measurements;

Day, G.W.; Franzen, D.L.

Laser Focus, 52-56; Feb 81

The Role of Backscatter Signatures in Optical Fiber Characterization;

Danielson, B.L.

Tech. Dig., 1st Inti. DoD Ind. Fiber Optics Congress, Apr 20, 1980,

Washington, DC; 80

Linearity and Resolution of Refracted Near-Field Scanning Techniques;

Young, M.
Tech. Dig., Symp. on Optical Fiber Measurements, in NBS SP 597; Oct 80

Calibration Technique for Refracted Near-Field Scanning of Optical Fibers;

Young, M.
Appl. Opt. 19: 2479-2480; Aug 80

An Assessment of the Backscatter Technique as a Means for Estimating Loss in Optical

Waveguides;

Danielson, B.L.

NBS TN 1018; Feb 80

Measurement of Optical Fiber Bandwidth in the Time Domain;

Franzen, D.L.; Day, G.W.
NBS TN 1019; Feb 80

Measurement of Propagation Constants Related to Material Properties in High Bandwidth

Optical Fibers;

Franzen, D.L.; Day, G.W.

IEEE J. Quant. Electron. QE-15(12); Dec 79

Limitations Imposed by Material Dispersion on the Measurement of Optical Fiber Bandwidth

with Laser Diode Sources;

Franzen, D.L.; Day, G.W.

J. Opt. Soc. Am. 69(10): 1448; Oct 79
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Optical Waveguide Communications Glossary;

Hanson, A.G.; Bloom, L.R.; Day, G.W.; Gallawa, R.L.; Gray, E.M.; Young, M.
NTIA SP 79-4; Sep 79

Time Domain Pulse Measurements and Computed Frequency Response of Optical

Communications Components;

Andrews, J.R.; Young, M.
NBSIR 79-1620; Sep 79

Fiber Measurements: Quality and Cost;

Day, G.W.
Proc., Inti. Communications Conf., Boston, MA; Jun 79

Attenuation Measurements on Optical Fiber Waveguides: An Interlaboratory Comparison
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