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A. DIRECTOR'S OVERVIEW ‘-
AL

1. Management and Personnel: During this contract period, Columbia
University has forcefully strengthened its program in solid-state electronics Lg
rescarch. The Columbia Radiation Laboratory has clearly played the major role in "
catalyzing this growth. The most significant growth at Columbia University has been .
the addition of new faculty members with research programs in solid state physics: "
Professor Irving Herman (laser studies of solids), Professor Dave Auston (picosecond "‘,
phenomena), and Professor Wen Wang (MBE growth). Of these three additions, Dr. .1
Herman benefitted most directly from the use of Radiation Laboratory J.S.E.P. &
“discretionary funds, which in this case provided an initial equipment guarantee. In W

oo

addition, IBM supported his work with the CRL/IBM postdoctoral fellowship for two o‘h
years, Professor Herman's research is in laser diagnostics of semiconductor '.‘;‘
processing and the spectroscopy (Raman and Iuminescence) of semiconductor M4
superlattices. His research program is included in our new three ycar JSEP program. ‘::6

Several other personnel changes were made at the end of this program. .':E
Professor Eisenthal's excellent work in ultrafast chemistry was transitioned into ::
other federal agencies. Professor Yasutomo Uemura, a highly regarded physicist in ﬁ'
synchrotron radiation studies of solids, was aided by the Columbia Radiation E
Laboratory administrative office in setting up his research program at Columbia. \_
Finally, Professor Fossum's program in GaAs processing science was transferred out Yt
of JSEP and made into a larger research thrust, also in GaAs processing, in our necw X
URI program. o

Professors Wang, Auston and Herman, as well as several other CRL members, '{‘
have had their programs strengthened by the recent awarding of an Office of Naval c:
Research DoD-University Research Initiative Program grant in Interfacial and Thin 4
Film Chemistry in_Electron Device Fabrication to Columbia. During the first two ""'
years, the funds have been used to fund Columbia's first MBE machine, Herman's R

laser spectroscopy apparatus, a new UHV surface analysis system, and Auston's a-,"

picosecond equipment.

Columbia has also received state financing for a new $50 million research ﬂ o
building in the physical sciences and engineering on the Morningside Heights n X
campus. A substantial portion of the CRL research effort will be housed in this ‘,(

o

building within a few years. One major portion of CRL research which will not be in :
the new physical science and engineering building, the program of Professor Flynn, =¥

has just moved into the new Chemistry addition which was completed in September ' °9®% _ \'::f
ler ,
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2. Advances in  Research Activities: In addition to the above
management changes, CRL has made major advances in its research activitics as
described below.

Several milestones have been reached in GaAs research. The first active GaAs
device, a 1 um channel width MESFET, has been made at Columbia. This device is a
basic building block in Professor Fossum's GaAs CCD program. GaAs surface studies
have also born fruit. UV light has been found to oxidize rapidly the surface of GaAs
in an UHV environment containing traces of water vapor and 02. The mechanism
appears to be related to the generation of hot photocarriers. This work was
investigated by Dr. Chien Yu, while supported by the CRL/IBM Postdoctoral
Fellowship expressly designated for CRL.

In addition, the use of diode lasers to measure the dynamics of molecules and
atoms has again achieved major advances. The interaction between an electronically
excited metal atom and a small polyatomic molecule has been investigated by probing
for the first time the final quantum states of the polyatomic bath modes. These
experiments are prototypical and can be expected to provide insight into the
mechanisms responsible for energy transfer and chemical reactivity between metals
and polyatomic molecules.

Finally, the first measurement of the absolute phase of the liquid surface
nonlinear susceptibility was achieved using a novel application of second harmonic
generation techniques.  This information, which cannot be obtained directly from
ordinary linear optical methods, allowed us to determine the absolute molecular

orientation of molecules at air-liquid interfaces.

3. Honors: A variety of honors have been bestowed on CRL J.S.E.P.
principal investigators during the past year. These include the following:

George Flynn, the Co-director of the Columbia Radiation Laboratory was named
to the Thomas Alva Edison Professorship at Columbia. Professor Flynn has a long and
distinguishcd record of research in laser studies of chemical dynamics. His work in
intermolecular energy flow and his long tenure as CRL Director were particularly
important in his being named to this distinguished Professorship.

Kenncth Eisenthal was designated a Fellow of the American Physical Society.
This honor was based on his long series of seminal contributions to the application of
picosecond techniques aimed at the understanding of molecular dynamics.

Eric Fossum has been designated an NSF Presidential Young Invcstigator. This
designation resulted from his work in CCD's. Because of the scarcity of other
university research in this area, he was able to obtain matching money for this

special award quite readily.
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Richard Osgood was honored with an IEEE traveling lectureship and designated
Fellow of the IEEE. The title of Osgood's talk was "Laser Chemical Processing for

Electronics,” which he gave at approximately 50 IEEE societies across the country. ::
Professor Osgood was also honored with a chaired professorship at Columbia; the §
; Higgins Chair in Electrical Engineering. This honor was a result of his research in ‘¢

lasers and chemical physics, and his administrative activities at Columbia.

e 4
B. LISTING OF PRINCIPAL INVESTIGATORS ::

X

Kenneth Eisenthal i

) George Flynn .

K Eric Fossum

i“ Sven Hartmann A
Richard Osgood, Jr. 0

: Mal Teich .

Edward Yang

; C. DEGREES AWARDED 5
i j';
: Ph.D, M, S e
Brian B. Brady Dave McClure ")
) Julian Chen
Lee Chen

Howard L. Evans
Janice Hicks

L, S

. William Holber M.A, :

b, Kamu Kasturi 4

2 Robert Kichinski Hong Lu .

Y John Langan Alonso Castro ':

R Horace Ng "
i James O'Neill ‘
J. S. Song .

K Garry B. Spector 2

Stanislav S. Todorov '

Franklin Tong :

M. Wordeman 3

Xu® Wu ¥

; )

) L%
] v

4

4 A

- , . \ e g LA AN I {2 I sy A s b YR P P P PP E oo ,
B O A e A S o e T L T A L e e S e e LS e T R



D. PUBLICATIONS

19835
4 R. Beach, D. DeBeer, and S. R. Hartmann, "Time-delayed four-wave mixing
using intense incoherent light," Phys. Rev. A32, 3467 (1985).

P. D. Brewer, G. M. Reksten, R. M. Osgood, Jr.,, "Laser-Assisted Dry Etching,” Solid
State Technology, 273-278 (1985).
> P. D. Brewer, D. McClure, and R. M. Osgood, Jr., "Dry, Laser-assisted Rapid HBr
Etching of GaAs," Appl. Phys. Lett. 47, 310-312 (1985).

P. Brewer, G. Rcksten, R. M. Osgood, "Photon-Assisted Dry etching--A Review,"
Solid State Technology 28, 273 (1985).

C. J. Chen, H. H. Gilgen, and R. M. Osgood, "Resonant, Optical Growth of
Submicrometer Metal Gratings,” Optics Lett. 10, 173 (1985).

K. B. Eisenthal, J. Hicks, M. Vandersall and Z. Babarogic, "The Dynamics of
Barrier Crossings in Solution: The Effect of a Solvent Polarity-Dependent Barrier,"
Chem. Phys. Lett., 116, 18 (1985).

K. B. Eisenthal and D. P. Millar, "Picosecond Dynamics of Barrier Crossings in

Solution: A Study of the Conformational Change of Excited State 1,1'-Binaphthyl,” J.
Chem. Phys., 83, 5076 (1985).

K. B. Eisenthal, N. J. Turro, E. V. Sitzmann, 1. R. Gould, G. Hefferon, J. Langan,
and Y. Cha, "Singlet-Triplet Interconversion of Diphenylmethylene: Energetics,
Dynamics and Reactivities of Different Spin States,” Tetrahedron, 41, 1543 (1985).

J. O. Chu, G. W. Flynn, C. J. Chen and R. M. Osgood Jr., "Infrared Emission Studies
of Vibrational Excitation in CH3 Fragments Produced From ArF and KrF Laser
Photolysis of Cd(CH3)2 and Zn(CH3)3," Chem. Phys. Lett.,, 119, 206-212 (1985).

W. E. Hollingsworth, J. Subbiah, and G. W. Flynn, "Laser-induced-fluorescence
Study of the Reaction of N2O With Hot Hydrogen Atoms from 248 nm Excimer Laser
Photolysis of HI," J. Chem. Phys. 82, 2295-2298 (1985).

R. Kichinski, R. Beach, F. Moshary and S. R. Hartmann, "Spectroscopic and
Relaxation Study of the 3Hg State in Pr3+:LaF3," Optics Communications 54, 147-150
(1985).

K. Matsuo, M. C. Teich, and B. E. A. Saleh, "Noise Properties and Time Response
of the Staircase Avalanche Photodiode,” J. Lightwave Tech.LT-3, 1223-1231 (1985).

R. M. Osgood and H. H. Gilgen, "Laser Direct Writing of Materials,” Ann. Rev.
Mater. Sci. 15, 549-576 (1985).

R. M. Osgood and T. F. Deutsch, "Laser-Induced Chemistry for Microelectronics,”
Science Vol. 227:4688, 709 (1985).

RSN e B A S i Dt R LR AR R AR S v



.........

AT B S AN N WY A RO AR U RO A RN N VAN B O K AR RN RN AN, T LT NN R T T KW VX ¥ RN

J. S. Song and E. S. Yang, "A Study of the Photovoltaic Effect of a Semiconductor
Grain Boundary by a Scanning Laser Beam,” J. Appl. Phys. 58, 3129-3132 (1985).

G. B. Spector, B. B. Brady, and G. W. Flynn,"Bolometric Evidence for Cluster
Formation in Supersonic Molecular Beams of CO72 and C4Fg,"” J. Phys. Chem. 89, 1875
(1985).

J. Subbiah and G. Flynn, "Dynamics of Intermolecular Vibrational Energy
Transfer between COF2 and NO," J. Phys. Chem. 89, 2533 (1985).

M. C. Teich, "Laser Heterodyning," Optica Acta 32, 1015-1021 (1985).

X. Wu, H. L. Evans, E. S. Yang, M. Liehr and P. S. Ho, "Summary Abstract:
Interface State Measurement of Epitaxial and Nonepitaxial Nickel Silicide Schottky
Barriers," J. Vac. Sci. Technol. B3(4), 1151-1152 (1985).

1986

R. W. Ade, E. E. Harstead, T. Cacouris, E. R. Fossum, P. R. Prucnal, and R. M.
Osgood, "Direct Connection of Optical Fibers to Integrated Circuits,” IEPS Proceedings,
San Diego, (1986).

R. Beach, D. DeBeer, L. G. Van Wagenen, and S. R. Hartmann, "Picosecond
Modulation Spectroscopy in Sodium Vapor," Proceedings of the Fritz Haber
Intcrnaiiona! Symposium on Methods of Laser Spectroscopy, Israel 1985, ed., Yehiam
Prior, Abraham Ben-Reuven and Michael Rosenbluth, (Plenum Press, New York and
London, 1986), 87-94.

R. Beach, G. V. Treyz, and R. M. Osgood, "Observation of Polarization-Enhanced,
Laser-Induced Etching of Silicon,” MRS Proceedings. Symp. B. December (1986).

B. B. Brady, G. B. Spector, and G. W. Flynn, "Vibrational Predissociation of SFg
Clusters in a Supersonic Molecular Beam,” J. Phys. Chem. 90, 83-87 (1986).

P. D. Brewer, D. McClure, and R. M. Osgood, Jr., "Excimer Laser Projection
Etching of GaAs," Appl. Phys. Lett. 49:13, 803-805 (1986).

P. D. Brewer and R. M. Osgood, "Large Areca Laser-Assistcd Etching of Electronic
Materials,” SPIE 611, 62 (1986).

F. Capasso and M. C. Teich, "Conversion of Poisson Photons into Sub-Poisson
Photons by the Action of Electron Feedback," Phys. Rev. Lett. 57(12), 1417-1420 (1986).

T. J. Chen, D. DeBeer, and S. R. Hartmann, "Observation and Relaxation of the
Two-photon-excited Trilevel Echo in Sodium Vapor,” J. Opt. Soc. Am. B3, 493-495
(1986).

D. DeBeer, L. G. Van Wagenen, R. Beach and S. R. Hartmann, "Time-Delayed
Four-Wave Mixing in Sodium Vapor," Proceedings of the First International Laser
Science Conference, Dallas, Texas, 1985, ed., William C. Stwalley and Marshall Lapp,
(American Institute of Physics, New York, 1986), p. 592.

6

X _«
e D R

-..4

g T T A
S o L

— v
-,

prS ST NS

S

FAX,
-

2R AT B,

L N R Py R
0,30, 30. 50,0 0w S

...'- - -(14

-
b -

s
o

‘ " » " AT i P, Iyt J
R X R A O X i X I O X X X O RO T ot S A B L O e Lt D '..09..:'..0‘.‘.0‘..1':‘.=



BRSSO OU AU I U RO U R RO OO R OCOU S R Ry Y B, RSO b A 50 A D0 4. WK

BT ] » i | » » (S o r [ e ¥
B TR o T D DR S S LS NS DD R R S S R Kt . O DS D B D DA O A ot L M LIS O D P, "

D. DeBeer, L. G. Van Wagenen, R. Beach, and S. R. Hartmann, "Ultrafast
Modulation Spectroscopy,” Phys. Rev. Letts 56(11), 1128-1131 (1986).

H. L. Evans, Xu Wu, and E. S. Yang, "Mecasurement of Interface States in
Palladium Silicon Diodes,” J. Appl. Phys. 60(10), 3611-3615 (1986).

H. L. Evans, X. Wu and E. S. Yang, "Measurement of Interface States in
Palladium Silicon Diodes," J. Appl. Phys. 60(10), (1986).

K. B. Eisenthal, N. J. Turro, C. G. Dupuy, D. A. Hrovat, J. Langan, T. A. Jenny and
E. V. Sitzmann, "State-Selective Photochemistry of Singlet Oxygen Precursors:
Kinetics and Wavelength Dependence of the Photodissociation of Anthracene
Endoperoxides,” J. Phys. Chem. 90, 5168 (1986).

K. B. Eisenthal, K. Kemintz, K. Bhattacharyya, J. M. Hicks, G. R. Pinto, and T. F.
Heinz, "The Phase of Second Harmonic Light Generated at an Interface and Its
Relation to Absolute Molecular Orientation,” Chem. Phys. Lett., 131, 285 (1986).

K. B. Eisenthal, "Polarity Dependent Barriers and the Photoisomerization
Dynamics of Polar Molecules in Solution," Ultrafast Phenomena V, G. R. fleming and
A. E. Siegman, eds. Springer-Verlag, Berlin, 1986, pp. 293-298.

K. B. Eisenthal, J. M. Hicks, K. Kemnitz and T. F. Heinz, "Studies of Liquid
Surfaces by Second Harmonic Generation,” J. Phys. Chem._90, 560 (1986).

K. B. Eisenthal, J. G. Langan, E. V. Sitzmann, "Inverse Dcuterium Isotope Effect
in the Intersystem Crossing of Diphenylcarbene,” Chem. Phys. Lett. 124.1, 50 (1986).

P. S. Ho, E. S. Yang, M. Liehr, P. E. Schmid and F. K. Legoues, "Schottky Barrier,
Electronic States and Microstructure at Ni Silicide-Silicon Interfaces,” Surface
Science 168, 184-192 (1986).

P. S. Ho, E. S. Yang, H. L. Evans, and X. Wu, "Electronic States at Silicide-Silicon
Interfaces,” Phys. Rev. Letts. 56(2), 177-180 (1986).

W. Holber, J. O. Chu, D. Gaines, A. Nahata, and R. M. Osgood, "Laser Assisted
Plasma Etching,” ECS Proceedings, (1986).

K. Kemnitz, K. Bhattacharyya, J. M. Hicks, G. R. Pinto, K. B. Eisenthal, T. F.
Hesinz, "The Phase of Second-harmonic Light Generated at an Interface and its
Relation to Absolute Molecular Orientation,” Chem. Phys. Letts. 131(4,5), 285-289
(1986).

R. Kichinski, F. Moshary, and S. R. Hartmann, "Spectroscopy. Relaxation, and
Laser Action in Pr3+:LaF3." Proceedings of the First International laser Science
Conference, Dallas, TX, 1985, ed., William C. Stwalley and Marshall Lapp; Am. Inst.
Phys. Conf. Proc. 146, NY (1986); Opt. Sci. and Eng. Series 6:417-420.

J. G. Langan, E. V. Sitzmann and K. B. Eisenthal, "Inverse Deuterium Isotope
Effect in the Intersystem Crossing of Diphenylcarbene,” Chem. Phys. Lett. 124(1), 59-
62 (1986).

7

284 040 ¢

)

s v Wp N

Ay v S e e e er

£



IR IM M RNV N UNL N LN

J. A. O'Neill, C. X. Wang, J. Y. Cai, and G. W. Flynn, "Rotationally Resolved Hot
Atom Collisional Excitation of C02(0001) by Time-resolved Diode Laser Spectroscopy,”
J. Chem. Phys. 85(7), 4195-4197 (1986).

R. M. Osgood, Jr., "International Compectition: The Case for Cooperating
Industrial Institutes,” Communications on the MSE Study, MRS, (1986).

R. M. Osgood, "An Overview of Laser Chemical Processing,” MRS Proccedings,
Symp. A & B, December 1986.

D. V. Podlesnik, H. H. Gilgen, A. E. Willner, and R. M. Osgood, Jr., "Interaction of
Deep-Uliraviolet Laser Light with GaAs Surfaces in Aqueous Solutions,” J. Opt. Soc.
Am. B3, 775-783 (1986).

P. R. Prucnal, Mario A. Santoro, and Ting Rui Fan, "Orthogonal Modulation in
Fiber Optic Communications,” Proc. of the IEEE 74(1), 225-227 (1986).

G. M. Reksten, W. Holber, and R. M. Osgood, Jr., "Wavelength Dcpendence of
Laser Enhanced Plasma Etching of Semiconductors,” Appl. Phys. Lectt. 48(8), 551-553
(1986).

J. H. Shapiro, P. Kumar, G. Saplakoglu, M. C. Teich, and B. E. A. Salch, "Thcory of
Light Detection in the Presence of Feedback,” J. Opt. Soc. Am. B_3, 66 (1986).

J. H. Shapiro, M. C. Teich, B. E. A. Salch, P. Kumar and G. Saplakoglu,
"Semiclassical Theory of Light Dectection in the Presence of Feedback,” Phys. Rev.
Letts. 56(11), 1136-1139 (1986).

M. C. Teich, K. Matsuo, and B. E. A. Salch, "Excess Noise Factors for Conventional
and Supecrlattice Avalanchc Photodiodes and Photomultiplier Tubes,” IEEE J. Quant.
Electron QE-22, 1184-1193 (1986).

M. C. Teich, K. Matsuo, and B. E. A. Salch, "Excess Noise Factor and Gain
Distributions for Supecrlatticc Avalanche Photodiodes,” J. Opt. Soc. Am._A 3, 39 (1986).

M. C. Teich, K. Matsuo, and B. E. A. Salch, "Counting Distributions and Error
Probabilitics for Optical Receivers Incorporating Superlattice Avalanche
Photodiodes,” IEEE Transactions on Electron Devices ED-33, 1475-1488 (1986).

M. C. Teich, K. Matsuo, and B. E. A. Saleh, "Time and Frequency Response of the
Convcntional Avalanche Photodiode,” IEEE Transactions on Electron Devices ED-33,
1511-1517 (1986).

M. C. Tecich, Review of R. P. Feynman's book entitled, "Surely You'rc Joking, Mr.
Fcynman! Adventures of a Curious Character,” Phys. Today 39, 61 (1986).

S. S. Todorov., S. L. Shillinger. and Eric R. Fossum, "Low-Encrgy Ion Bcam
Oxidation of Silicon,” IEEES Electron Device Lctters 7, 468-470 (1986).

S. S. Todorov, C. F. Yu, and E. R. Fossum, "Dircct Formation of Diclectric Thin
Films on Silicon by Low Encrgy lon Beam Bombardment,” Vacuum, 36, 929-932 (1986).

™ A W W L AL DR A R R R R N R R T NN UL L N U WO W WOV VA W A AT O OO .-".!

2

T O RS

e U

-

] Y,V’ri’i

N
® PP

RN I ANY

-
e

1@

.:¢' l.

T e

il'4
%

X
‘

.»'l"," .




G. V. Treyz, R. Beach, and R. M. Osgood, "Direct Writing of High-Aspect-Ratio
Trenches in Silicon,” MRS Proceedings, Symp. B, December (1986).

A. E. Willner, D. V. Podlesnik, H. H. Gilgen, and R. M. Osgood, "Ultrafast Aqucous
Etching of Gallium Arsenide,” MRS Proceedings, Symp. B, December 1986.

E. Y. Xu, F. Moshary, and S. R. Hartmann, "Noble-gas-induced Collisional Line
Broadening of Atomic Lithium Rydberg Superposition States 2S-nS and 2S-nD (n = 4 to
30) Mcasured by Trilevel Echoes,” J. Opt. Soc. Am. B3, 497-505 (1986).

E. S. Yang, X. Wu, H. L. Evans, and P. S. Ho, "Silicide-Silicon Interface States,”
Mat. Res. Soc. Symp. Proc. 54, 485-492 (1986).

E. S. Yang, D. K. Yang, Q. H. Hua, and G. S. Yang, "Tunneling in a Metal-
Semiconductor-Semiconductor Thin-Film Diode," Solid-State Electronics 29, 355-357
(1986).

C. F. Yu, D. V. Podlesnik, M. T. Schmidt, H. H. Gilgen and R. M. Osgood, Jr.,
"Ultraviolet-light-enhanced Oxidation of Gallium Arsenide Surfaces Studied by X-Ray
Photoclectron and Auger Electron Spectroscopy,” Chem. Phys. Letts.130 301-305
(1986).

C. F. Yu, M. T. Schmidt, D. V. Podlesnik, and R. M. Osgood, "Optically-Induced,
Room-Temperature Oxidation of Gallium Arsenide,” MRS Proceedings, Symp. B, Fall
1986.

1987

B. B. Brady, G. B. Spector, L. Chia, and G. W. Flynn, "Diode Laser Probing of
Product State Distributions in Metal-Molecule Collisions: Hg(63P1)-C02 (mnlp)," J.
Chem. Phys. 86, 3245 (1987).

H. S. Cho and P. R. Prucnal, "New Formalism of the Kronig-Penney Model with
Application to Superlattices,” Phys. Rev. B 36, 3273-3242 (1987).

K. B. Eisenthal, K. Bhattacharyya, and E. V. Sitzmann, "Study of Chemical
Reactions by Surface Second Harmonic Generation: p-Nitrophenol at the Air-Water
Interface,” J. Chem. Phys. 87, 1442 (1987).

K. B. Eisenthal, L. W. Peng, M. Dantus, A. H. Zewail, K. Keminitz, J. M. Hicks,
"Stepwise  Solvation of the Intramolecular-Charge-Transfer Molecule p-
(Dimethylamino)benzonitrile,” J. Phys. Chem. 91, 6162 (1987).

K. B. Eisenthal, J. M. Hicks, M. T. Vandersall, E. V. Sitzmann, "Polarity
Dependent Barriers and the Photoisomerization Dynamics of Molecules in Solution,"
Chem. Phys. Lett. 135, 413, (1987).

A. Hewitt, J. Hershberger, G. Flynn, and R. Weston, Jr.,, "Rotationally Resolved
Isotope Effect in the Hot Atom Collisional Excitation of CO2 (0001) by Time-Dependent
Diode Laser Spectroscopy,” J. Chem. Phys. 87, 1894 (1987).

9

s BN | W A ™) 5 il Yol T N SRS NS NN IR RIS Il Lo T Ta¥ Y Sy P P Cu W Mg Wy T W N w Wy F ¥
‘;" ¥ -0'.’-' R S T o \.-\' ."\ ‘i\gw A AP AR 4 iy o < .""- \'v\'\'\ " ) "'\‘

L3 Saka 58040 o

-

Pl

.N"‘.‘j v

-

-

D 2 TOTCTN SR A M P U Oy Sy
Po "l of y b yy ]

o

e

- e w a_e
rr &z
R PN

.,.
N

WA



'-“‘ GO ‘6.

R. R. Krchnavek, H. H. Gilgen, P. S. Shaw, J. C. Chen, and R. M. Osgood, Jr,
"Photodeposition Rates of Metal From Metal Alkyls,” J.V.S.T. B 3, 20, (1987).

T. Kreutz, J. O'Neill, and G. Flynn, "Diode Laser Absorption Probe of V-V Energy
Transfer in CO2," J. Phys. Chem. 91, 5540-5543 (1987).

T. Kreutz, J. O'Neill, and G. Flynn, "IR Diode Laser Study of Vibrational Energy
Distribution in CO2 Produced by UV Excimer Laser Photofragmentation of Pyruvic
Acid,” J. Chem. Phys. 87, 4598-4605 (1987).

D. V. Podlesnik, "Light-Guided Etching for III-V Semiconductor Device
Fabrication,” Proceedings of the European Solid State Device Research Conference,
Bologna, Iialy, 462-470 (1987).

D. V. Rossi, E. R. Fossum, G. D. Pettit, P. D. Kirchner, and J. M. Woodall, "Reduced
Reverse Bias Current in A1-GaAs and In Gag 25As-GaAs Junctions Containing an
Interfacial Arsenic Layer, " J. Vac. Sci. Technol. BS, 982-984 (1987).

B. E. A, Saleh and M. C. Teich, "Can the Channel Capacity of a Lightwave
Communication System be Incrcased by the Use of Photon-Number-Squeezed Light,"
Phys. Rev. Lett. 58, 2656-2659 (1987).

J. H. Shapiro, G. Saplakoglu, S-T. Ho, P. Kumar, B. E. A. Saleh, and M. C. Teich,
"Theory of Light Detection in the Presence of Feedback," J. Opt. Soc. Am. B4:10, 1604-
1620 (1987).

M. C. Teich, F. Capasso, and B. E. A. Saleh, "Photon-Number-Squeezed
Recombination Radiation in Semiconductors,” J. Opt. Soc. Am. B4, 1663-1666 (1987).

M. C. Teich and B. E. A. Saleh, "Approximate Photocounting Statistics of Shot-
Noise Light with Arbitrary Spectrum,"” J. Mod. Opt. 34, 1169-1178 (1987).

M. C. Teich, R. A. Campos, and B. E. A. Saleh, "Statistical Properties of Cosmic-ray
Showers at Ground Level Determined from Photomultiplier-tube Background
Registrations,” Phys. Rev. D36:9, 2649-2665 (1987).

S. S. Todorov, C. F. Yu, and E. R. Fossum, "Direct Formation of Diclectric Thin
Films on Silicon by Low Energy Ion Bcam Bombardment," Vacuum 36, 929-932.(1986).

C. F. Yu, S. S. Todorov, and E. R. Fossum, "Characterization of Ultra-Thin Si0202
Films Formed by Direct Low Energy Ion Beam Oxidation," J. Vac. Sci. Technol. AS,
1569-1571 (1987).

C. F. Yu, M. T. Schmidt, D. V. Podlesnik, and R. M. Osgood, "Optically-Induccd,
Room-Temperature Cxidation of Gallium Arscnide,” Mat. Res. Soc. Symp. Proc. 75, 251-
255 (1987).

C. F. Yu, M. T. Schmidt, D. V. Podlesnik, and R. M. Osgood, Jr,, "Wavclength
Dependence of Optically Induced Oxidation of GaAs(100)," J. Vac. Sci. Technol. BS,
1087-1091 (1987).

10

PR B
e ‘."‘.’4.,'-'?.

2

. o - Ky ™R 500 O R R W R SN R B BN R e ‘ O
T T N e N M 0 o L T L L e T A T G 0 O T



$ AT AN R B R B

o
o

- e

) P o
MO s

T Ay e A8

gl e - e S

-

4
1
'
s

N N O O A o e R N T DN T A D DA A D O DK A AN M OO M

R O R T O T R R T R T N O A W R W I TR VOV L T VU P LN TN N N R N TOTR A7 WA W AT w7 A W

1988

D. DeBeer, E. Usadi, and S. R. Hartmann, "Attosecond Beats in Sodium Vapor,"
Physical Review Letters 60, 1262-1265 (1988).

K. B. Eisenthal, "Ultrafast Chemical Reactions in the Liquid State,” Ultrashort
Light Pulses II, Kaiser, ed. Springer-Verlag, Berlin, (1988).

R. Friedberg and S. R. Hartmann, "A Diagrammatic Technique for Calculating
Radiation of Coherently or Incoherently Excited Two-level Atoms,” J. Phys. B: At. Mol
Opt. Phys. 21, 683-712 (1988).

J. Hershberger, S. Hewitt, G. Flynn, and R. E. Weston, Jr.,, "Observation of an
Odd/Even Delta-J Propensity In the Collisional Excitation of CO2 by Hot Deuterium
Atoms,"” J. Chem. Phys. 88, 0000 (1988).

J. A. ONeill, Ji Ye Cai, Chen Xi Wang, G. W. Flynn, and R. E. Weston, Ir.,
"Rotational Profiles of the 0001 and 0002 CO2 States Produced by Collisions with Hot
Hydrogen Atoms: A Diode Laser Probe Study,” J. Chem. Phys., 88, 6240 (1988).

S. S. Todorov and E. R. Fossum, "Growth Mechanism of Thin Oxide Films Under
Low Energy Oxygen lon Bombardment,” J. Vac. Sci. and Technol. B, 6(1), 466-469
(1988).

S. S. Todorov and E. R. Fossum, "Sputtering of Silicon Dioxide Ncar Threshold,"
Appl. Phys. Lett., 52(5), 365-367 (1988).

S. S. Todorov and E. R. Fossum, "Oxidation of Silicon by a Low Energy lon Beam:
Model and Experiment,” Appl. Phys. Lett., 52(1), 48-50 (1988).

bmitted f blicati

B. Brady, L. Chia, and G. Flynn, "Response of Solvent Bath Modes to a High
Energy 'Impurity:' Diode Laser Probing of Vibrational Product States in the
Quenching of Highly Excited Vibrational Levels: NO2 A2B3 by CO3."

M. H. Alexander, P. Andresen, R. Bersohn, et. al.,, "A Nomenclature for the
Asymmetry of 1 Doublets in Linear Molecules,” J. Phys. Chem.

J. Hershberger. J. Chou, G. Flynn, and R. E. Weston, Jr., "Rotational State
Dependence of Transient Linewidths in the C02(0001) Vibrational Level Due to
Translational Energy Recoil from Hot H and D Atom Collisions," Chem. Phys. Lett.

S. R. Hartmann, "Using Incoherent Light to Generate Coherent Excitations,"
Proceedings of the International Laser Science Conference ILS-II, Secattle,
Washington, 1986, to be published in Am. Inst. Phys. Conf. Proc.

W. Holber, D. Gaines, C. F. Yu, R. M. Osgood, "Laser Desorption of Polymer in a
Plasma Reactor,” to be published in Appl. Phys. Lett.

11

. v

"
v

" %y,

4

d
0

Eulsy

-
o

[ KR

X - oo

XN

o
-

g
)

» g
fIALe _". .'o‘l.



T. G. Kreutz and G. W. Flynn, "Understanding the Dynamic Behavior of
Molecular Vibrational States,” to be published, Proceedings of the International Laser
Science Conference, 1987, Atlantic City.

L. F. Luo, E. S. Yang, and H. L. Evans, "A Heterojunction Bipolar Transistor with
Separate Carrier Injection and Confinement,” submitted to IEEE Elec. Dev. Letters.

Q. Y. Ma, M. T. Schmidt, X. Wu, H. L. Evans and E. S. Yang, "The Effect of Schottky
Barrier Height on EL2 Measurement by Deep Level Transient Spectroscopy,”

submitted to J. Applied Physics.

M. T. Schmidt, D. V. Podlesnik, H. L. Evans, C. F. Yu, E. S. Yang, and R. M. Osgood,
Jr., "The Effect of a Thin UV-Grown Oxide on Metal-GaAs Contacts," to be published in
J. Vac. Sci. Technol.

X. Wu, H. L. Evans, E. S. Yang and P. S.- Ho, "An Improved Differential Voltage

Technique for Capacitance Measurement,” to be published in Solid State Electronics.

E oo iy

S ]

X. Wu and E. S. Yang, "Interface Capacitance in Metal-Semiconductor

r

Junctions,"” submitted to J. Applied Physics.
C. F. Yu, M. T Schmidt, D, V. Podlesnik, E. S. Yang, and R. M. Osgood, Jr.

"Ultraviolet-Light-Enhanced Reaction of Oxygen with Gallium Arsenide Surfaces,"

submitted to J. Vac. Sci. Tech., 1987 AVS National Symposium Proceedings.

12

B 1 e : - : A IR Y R T IR RV TN U
v‘-‘."’;‘t‘-.l’.‘l'. Wt .’\‘l‘"_l'n‘i’n!l.o,!.t‘l.oll‘t"'l .l.l- ‘0.“!. e % .Q‘ l-“ﬁ!“..l‘l. o4 "..h "v‘ N » .'- n '- | R




