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Jan. 27 afternoon (13:00-)
S. Hyodo Introduction
Y. Kuk Study of Metal Surfaces by STM

M. Tsukada From the View Point of Electronic
State Theory

S. Hosoki Observation of the Si(111l) surface
with a Fast scanning STM
S. Morita STM Measurement in the Solution

break (15:30-15:45)

H. Tokumoto STM Observation of the Si(111)7x7
and Si(100)2x1 surfaces

K. Uozumi Possibility of a Novel Scanning
Ultrasonic Tip Microscope

T.Ichinokawa Movement of Au Islands Evaporated on
a Mo Surface During STM Observation

K. Fujita Observation of an Organic Surface by
STM

Social (18:30-)
Jan. 28 morning (9:00-)
R. J. Hamers Probing Surface Electronic Structure
with the STM
M. Tomitori STM Observation of Semiconductor
Surfaces and Questions of the STM tips
break (10:35-10:45)
Y. Gohshi Chemical Analysis by the STM
R. Kaneko STM/SFM/FFM for Micro-tribology
T. Hashizume Combined Field Ion-Scanning Tunneling
Microscopy and Its Applications

0. Nishikawa Closing Remark



Study of Metal Surfaces

by Scanning Tunneling microscopy

Y. Kuk
AT&T Bell Laboratories

Murray Hill, New Jersey 07974

STM has successfully revealed the structure of
semiconductor and graphite surfaces with atomic
resolution. Metals, on the other hand, have not been
studied by many groups, perhaps because atomic imaging
of metal surfaces generally requires higher lateral and
vertical resolution.

In this talk I will discuss the reconstructions of
various clean and chemisorbed metal surfaces (Au, Ni,
Cu...). Geometrical structure of surfaces will be
compared with their electronic structure. Recent
results on Cu(110)-0 and Sijg cluster will be

discussed.



From the View Point of Electronic State Theory

M. Tsukada
Department of Physics, Faculty of Science, University of Tokyo

Hongo, Bunkyo-ku, Tokyo 113 Japan

Theory of the analysis of STM image and STS spectra has not
been well developed. One of the reason may be the lack of any
definite informations about the microscopic structure of the
tunnel active region on the tip. Thus most of the previous
theories could not go beyond the Tevel of phenomenology.

In this talk I present the newly developed theory for the
analysis of STM and STS based on the microscopic electronic
states of Surface/Tip system and results of numerical

simulations. Tunnel conductance is given in the LCAO scheme by

S
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where R is the '"prove point", G (E) is the surface Greens

1P Jq
function,@bp, ¥$ are the orbital of the surface atom and the

eigenfunction of the tip, and V; is the tip potential.



The surface Green's function and the tip eigenfunctions are
calculated by the first-principles LDA method. Based on the
above formula, we have calculated STM images of some interesting
systems, and studied the effect of the microscopic structure of
the tunnel active region on the tip. Some interesting systems as

C6H6/W5.W4 tip and graphite/Hz,H3 tip are discussed.
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Observation of Si (111) Surfce

using a IFast Scanning STM

Central Research Lab. Hitachi Ltd.
S. Hosoki

STM imaging for a short interval is
a desired technique for the purpose of
in—situ observation of gas adsorption.
Fast scanning technique using simple
current image has been performed
already for graphite obser'vatior;.)
However, it is difficult for taking
real time image of changing surface
using such interlace scanning of
raster line.”

A probe tip should be servo when
the sample surface is growingeg. Here,
the fast scanning method as follows 1is
presented.

1) A probe tip is servo —assisted by
average surfce that 1s not respond Lo
higher frequency, Az corresponding an
individual atom but respond to lower
frequency such as atomic steps.

2) STM signal 1is gencerated by the above
average servo signal adding Az error
which is current fluctuation due to
the servo mechanism,

By means of this method, the fast
scanning is realized.Observation of

adsorption on the Si (111) is performed.

1) A.Bryant et al. : Appl. Phys, Lett. 48
(1986) 832



STM Measurement
in the Solution

Seizo Morita
Department of Electronic Engineering,
Faculty of Engineering,

Iwate University, Morioka 020

Nobuo Mikoshiba
Research Institute of Electrical Communication,

Tohoku University, Sendai 980

It is well known that the electrochemical
reaction and the surface roughness of the
electrode in a solution can be controlled by the
method of electrochemistry using a potentiostat.
However, the wuse of a conventional electroﬁ
microscope with a high resolution has been limited
to a vacuum, so that microscopic studies of
electrochemically treated surfaces have only been
done in a vacuum. Recently, scanning tunneling
microscopy (STM) rapidly progressed as a powerful
new tool for in situ characterization of electrode
sﬁrfaces in solutions, because STM can be used
even in solutions with a high resolution.

In the present experiment, we investigated

the in situ STM images sequentially at the same



places of polycrystalline Ag and Au electrodes in
a 0.1 M KCl1 solution. By decreasing the
potentiostatic voltage, we found the following
effects of potential decrease on the STM images:
For the Ag electrode, () the surface corrugation
varies suddenly from a flat to a rough surface by
the decrease of the potential around the
equilibrium potential of AgCl formation/reduction
processes. (@ The surface becomes more and more
smoother with decreasing the potential further in
the cathodic range. We conjectured that this
phenomenon is related to the rearrangement of the
Ag surface caused by the desorption of Cl1-
specific adions from the active sites. For the Au
electrode, the roughening effect by Au complex ion
reduction on the Au surface competes with the
smoothening effect by desorption of Cl- specific
adions. As a result, we found the following effect
of the potential decrease: (3 After the sudden
'decrease of the potential from the anodic to
cathodic range, the surface becomes flat at first
and then becomes rough. We conjectured that after
the smoothening of the Au surface by the
desorption of Cl- specific adions, the roughening
of the Au surface by thé Au complex ion reduction

occurs successively.



STM Observatiori of Si(111)7x7 and Si(100)2x1 Reconstructed
Surfaces

Hiroshi Tokumoto, Electrotechnical Laboratory

In ETL, we have been developing the UHV-STM apparatus suitable for
studying semiconductor surfaces and have succeeded in observing clean
Si surfaces. In this lecture, I will talk about the construction of our

UHV-STM and its performance with showing atomic images of

Si(111)7x7 and Si(100)2x1 reconstructed surfaces. My talk is

summarized as follows:

(1) We have succeeded in constructing the UHV-STM suitable for
studying the local solid state physics.

(2) Our system covers the very large scanning area up to 200 x 200
nm2 which is neccessary for studying the defect on surfaces, atomic
steps, adsorption process on surfaces, and etc.

(3) In our system, the STM image data can be recorded on the VIR
continuously in time and in space which is neccessary for studying
the adsorption/desorption processes, avoiding the thermal drift
problem, and etc. _

(4) Si(111)7x7 reconstructed surfaces have been successfully observed:
Anisotropic atomic steps; Surface defects; Difference between filled
and empty states; Initial stages of adsorption processes of oxygen
and hydrogen atoms.

(5) Si(100)2x1 reconstructed surfaces have been successfully observed:
Atomic steps; Surface defects; Partially p(2x2) and c(4x2) structures
in the vicinity of defects. ,

(6) Others: UHV-STM apparatus equipped with sample cleavage

mechanism and/or MBE chamber.



Possibility of a Novel Scanning Ultrasonic Tip Microscope

K. Uozumi

College of Science and Engineering, Aoyama Gakuin University

In the scanning tunneling microscopy of samples having
non-conducting surface layers, it is almost always dubious wheth-
er the scanning tip contacts the surface or not. If we could detect
the contact of the tip against the surface by any means, a new
microscope is likely invented. We have successfully detected
mechanical contact of the tip in nanometer scale. Possibility of
SUTM (Scanning Ultrasonic Tip Microscope) is discussed.

Ultrasonic pulse of about 1.4 MHz has been launched by a
piezoceramic transducer which was glued to the back end surface
of the tip (W: 1 mm ¢, electrochemically polished). Conventional
ultrasonic pulse-echo method has been applied. Amplitude and/or
phase of the reflected echoes change if the tip contact a sample
surface. The pulse superposition method which is known as one of
the phase sensitive methods to measure ultrasonic velocity has
been applied to detect the phase changes. Figure 1 shows the
block diagram of the system. STM is available with the same tip.

It is essentially necessary fc')r the pulse superposition
method that good echoes with exponentially decaying amplitude
should be observed. An example of a good train of echoes is shown
in Fig. 2. Phase change output accompanied by the tip contact in
nanometer scale has successfully been observed. Preliminary re-

sults of line scans are shown and qualitatively discussed.
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MOVEMENT OF GOLD ISLANDS EVAPORATED ON A MOLYBDENITE
SURFACE DURING OBSERVATION BY STM

T. Ichinokawa, T. Ichinose and M. Tohyama

Department of Applied Physics, Waseda University,
3-4-1, Ohkubo, Shinjuku-ku, Tokyo 160 Japan

Epitaxial growth of Au film on MoS2 surface has been studied by many workers
and it is well known that these films (Au/MoSZ) are formed by island growth
in the Volmer-Weber mode. Bahl et al [1] discussed the relationship between
surface defects and nucleation process on the MoS2 surface.

In the present experiment, surface defects at the MoS2 surface and evaporated
Au islands on MoS2 surface are observed by a scanning tunneling microscope
(STM) at a pressure of 107 Torr.

The high resolution STM images were taken of a clean MoS2 surface and an
example is shown in Fig.1. The atomic arrangement of MoS2 surface of a hexagonal
structure with a spacing of 3.2 R was clearly observed in the top-view mode.

The atomic arrangement is almost perfect, but there are some defects in the
atomic arrangement as shown in Fig.2. The defect density is very small less
than than 104/cm2.

Figure 3 is a series of images taken by contineous exposures at every
four frames of Au islands evaporated on MoS2 surface. In Fig.3, we can observe
a number of Au islands from several monolayers to 20 R in high. By the
continuous observations at room temperature, it was found that flat islands
moved against other islands as shown in Figs. 3a to 3d. These figures were
taken just after the specimen setting, hence the specimen drifted against
the tip at a speed of 1 ﬁ/s according to the mechanical creep of actuater
elements. In Fig.3, the specimen moved upward and the positions indicated by
arrows and small circles show the relative displacement between islands.

In the observation of other areas, we watched abrupt movements of islands
during one horizontal scan.

If we assume a simple model of a spherical tip'bf radius a and its center



located at r/2 from the island surface, the electro-static force F between
tip and island is given by .
- 2,2
2ICE a~Vv 2
F= —2 (]+§a +——3€_-—+ )

r2 ............

where Eo is a dielectric constant of vacuum and V an applied potential to
the tip. In the present experiment, V=100 mV, a=5 R and r/2=10 R, then
the attractive force between them is 10']3 N. If an island is 100 & in
diameter, 10 R in height and 2x104 kg/ m3 in mass density, the gravity
acting on the island is ]0_]9N. The electro-static force is much greater
than gravity.

The critical shear stress, Tes to move the island by this force on the
MoS, is 1~ 10 N/m2. This value is several orders smaller than the critical
shear stress of plastic flow for perfect crystals, 109 N/m2, and for
crystals with dislocation, 106 N/m2.

The further experiment for nucleation process of Au islands on the MoS2
surface is in progress with related to surface steps and surface defects.

Reference
[1] 0.P. Bahl, E.L. Evans and J.M. Thomas, Proc. Roy. Soc. A.306, 53 (1968).




Observation of an Organic Conductor

Surface by Scanning Tunneling Microscope

Ken Fujita, Masamichi Yoshimura,
Hidemi Shigekawa and Akira Kawazu

Department of Applied Physics, Faculty of Engineering,

The University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan

An STM (scanning tunneling microscopy) study in air was per-
formed on the surface of an organic conductor, (BEDT-
TTF,Cu{(NCS)., at room temperature. This material, wich consists
of cations (BEDT-TTF).. and anions Cu(NCS):, is two dimensionally
conductive, and becomes superconducting at ambient temperatures
below 10.4K. The structure of the material determined by X-ray
diffraction is a monoclinic crystal having the following lattice
constants; a=1.6248 nm, b=0.844 nm, ¢=1.3124 nm, B=110.30 deg.,
and V=1.688 nm3.

In the STM we constructed, a piezoelectric tripod was used to
realize fine three-orthogonal motion of the tip. For coarse ad-
justment in the z direction we used a combination of a micrometer
and a step motor. The performance of our STM was examined first
by observing the surface of highly oriented pyrolytic graphite
(HOPG) .

The b-c plane of (BEDT-TTF) .Cu (NCS),was observed at a con-
stant current mode (Vt=-0.3 V, It=3 nA). A single crystal of the

material was prepared by an electrochemical oxidation technique to

be used as samples. The crystal had the shape of a distorted
hexagonal plate with dimensions of about 3x1x0.05 mm3. The long
direction corresponded to the b-axis, while the c-axis lied in the

plate plane perpendicular (Lo the b-axis. Periodic arrays parallel



to the c-axis were observed. The distance of those lines was
found to be 0.4 nm, which equals to the neighboring BEDT-TTF
molecular lines ( 0.4222 nm , half of the lattice constant along
the b-axis determined by X-ray diffraction).

As a summary, using an STM we succeeded in observing the sur-
face structure of the organic conductor(BE[YT“TTT?yCu(ﬁﬁ:s)zin air
and at room temperature. We obtained an STM image representing
the molecular arrangement of the material projected onto the b-c¢
plane. The line-to-line distance of the BEDT-TTF molecules, thus
determined from the STM image, was compared with the value calcu-
lated from the crystal lattice constants determined by X-ray dif-
fraction. The two values agreed very well.

Our cordial thanks are due to our colleagues S.Fukatsu of the
University of Tokyo for his helpful discussion, H.Urayama and
Prof.G.Saito of the Institute of Solid State Physics for their
helpful discussion and preparaion of samples, M.Kawabata of our
Department for his technical support.

(1] H.Urayamam, H.Yamochi, G.Saito, S.Sato, A.Kawamoto, J.Tanaka,

T.Mori, Y.Maruyama, H.Inokuchi: Chem.Lett.,1988,436(1988).



Probing Surface Electronic Structure

with the Scanning Tunneling Microsope

Robert J. Hamers
IBM Research Division
T.J. Watson Research Center
P.O. Box 218

Yorktown Heights, N.Y. 10598

STM images acquired at different voltages often
demonstrate vastly different structure, resuiting from
spatially-dependent variations in the local electronic
structure. More detailed information can be obtained from
measurements of the local tunneling I-V characteristics. On
Si(100), for example, voltage-dependent STM imaging and
local I-V measurements permit the identification of defects
with states at the Fermi energy which are responsible for
Fermi level pinning. By performing such measurements as a
function of lateral separation, it is possible to directly
measure the effective size of a defect from its electronic
properties.

This talk will discuss the application of
voltage-dependent STM imaging and local tunneling
spectroscopy to the study of atomic-sized defects on Si(001)

and other surfaces.



STM Observation of Semiconductor Surfaces and

the Questions of the Scanning Tips

Masahiko TOMITORI

The Graduate School at Nagatsuta
Tokyo Institute of Technology

Since the introduction of the scanning tunnel-
ing microscope(STM) by Binnig and Rohrer, the sur-
face topography of various samples has been success-—
fully depicted on atomic scale. Today the STM has
been recognized as one of the most powerful tool in
surface science. Many researchers modified the o-
riginal model designed by Binnig and Rohrer and de-
veloped various unique STM with a vertical resolu-
tion of higher than 0.1A and a lateral resolution
of 2-3A . Care has been paid to lower the noise
levels of the electronic circuits and to reduce the
vibration amplitude less than 0.1A. However, ques-—
tion remaing on the arrangement, species and stabi-
lity of the atoms at the scanning tip apexes. It is
highly probable that an electron orbital protruding
out of the apex atom and confined in an atomic size
results in the depiction of the true surface topo-
graphy with an atomic resolution. Occasionally, we
observed unexpected and ordered STM images. The
careful examinations of the images indicate that the
unexpected images are the Si(111) 7X7 reconstruction

traced by a double tip, which has two apex atoms



passing the tunneling current as pointed by Park et
al. After few minutes’ scanning the depiction of
the original STM image of the reconstruction was
resumed. This means that the atomic arrangement at
the tip apex is not steady during the scanning even
at room temperature. Thus careful examination is
required to analyze anomalous and irregular surface
structures. Moreover, the lateral and vertical res-
olutions vary with the profile of the tip apex. For
example, the surface corrugation depicted by a sin-
gle atom sitting on an extended and flat uppermost
atomic layer at the tip apex is smaller than by a
single atom on a small underneath layer, because the
ratio of the tunneling current passing through the
underneath layer to the specimen surface to that
through the single apex atom increase with the ex-
tension of the underneath layer. Furthermore, ad-
sorbed atoms may enhance the electron orbitals of
the apex atom providing a better resolution. Accord-
ingly, it is indispensable to evaluate and control
the tip shape to improve the reliability of the STM.
One approach to.evaluate the role of the apex atoms
is to examine the depicted terraces and steps of the
Si(111) planes paying attention to the depicted pro-
files of single and double double-layer steps. So
we are now developing a combined instrument of an A-
P (Atom-Probe) and an STM to obtain a well-defined

scanning tip apex.



Chemical Analysis by STM
Univ. of Tokyo, Faculty of Engineering
Y.Gohshi K.Miyamura A.Okumura

Tunneling Spectroscopy has long been used to study surface
electronic density .of states of semiconductor,
superconducting energy gap, etc. Molecular vibrational and
electronic spectra are also detected by placing molecules
between two electrodes and is established as IETS(Inelastic
Electron tunneling Spectroscopy). However, there are some
disadvantages in IETS, especially in the sample preparation,
i.e., destruction of samples, difficulty in preparation of
tunneling Jjunctions, etc. These disadvantages are now able
to be avoided by replacing the Jjunction with controlled
space gap using the recently developed STM tecnique. Thus,
by using STM tecnique, the electronic states or
superconducting energy gaps are measured. STM is expected to
be an effective method for chemical application, as it has
an atomic or molecular resolution and can be operated in air
or even in liquid. A method to detect molecular vibrational
spectrum by STM tecnique enables the analysyis of molecular
species at the surface by a specific profile of function
groups characteristic to the molecule. STM as a new
analytical microscope with molecular resolution is now a
target within our sight.

We are aiming at taking hetes vor
spectroscopic images of the I 1
surface, and the molecules
adsorbed there. For that
purpose, it is necessary to C
construct an STM system that
measures the tunneling
current - bias voltage(I-V)

data at any point on the

fligh Voltrage Fecdback Actuator

surface and STM at the same | "~ r et Controller

time. Hence, a system which
can rapidly take huge amount
of I-V data. I-V sampling
data can be chosen up to 1024 Digital bigital
in number taking into account Voltmeiur) || Mewory
of calculating the first and
the second derivative
characteristics of I-V. Bank

Sampling of one I-V data at a Hemory
point takes 20 micro seconds l

and transferring of one data } ]
takes 2 micro seconds(at rerson!
minimum). Fig 1 shows a block
diagram of our present
measurement system. Fig 1 The measurement system

Cussette

Computer Streamer




The servo controller starts sweeping bias voltages by the
command by the personal computer, and then sends integrated
current data to the digitizer. 16 bit A/D is used to detect
small variation of current. The whole amount of data (20
Mbyte at maximum) is temporally stored in the bank memory,
and then stored in cassette tapes.

We measured Cu-Phthalocyanines(Cu-PC) adsorbed on
graphite with this system. The sample were prepared by
dropping off quinoline solution of Cu-PC on a cleaved
graphite surface. Fig 2 shows a topographic image on this
sample (Vb=500mV, It=2nA, 20Ax20A). Corrugations of about
10 A cycle can be observed, which accords with STM image to
the size of a Cu-PC molecule. In another region of the

sample, STM image seems exhibit Cu-PC molecules stacking
face to face with several molecules. The I-v
characteristics were
also measured at each
pixel of the

topographic image of
Fig 2. Fig 3 shows 16
sets of I-V data taken
at continuous pixels.
It is characteristic to
these I-Vs (and also to
others) that the
current at positive
bias voltages tend to
be larger than the
negative voltages
{sample is biased).
Such an asymmetry was
not observed for clean Fig 2 An STM image of
surface of graphite, so Cu-PC/graphite

it should be

attributed to the Jequ——— ..

presence of Cu-PC
" .- N o Y /
) '
-4. GBJZJ L -

molecules. More
BIAS SHEEP RANGE -5 ---——>. .5 (W)

detailed studies on
this sample are now
underway.
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Fig 3 1-V characteristics of
Cu-PC/graphite



STM/AFM/FFM FOR MICRO-TRIBOLOGY

Reizo Kaneko
NTT Applied Electronics Laboratories
Musashino-shi., Tokyo 180, Japan

In designing wmagnetic storage devices, the
nanometer-level wear problem must be considered.
In addressing this problem through the discipline
of micro-tribology, the physical and chemical
properties of surfaces rather than wmechanical
characteristics of materials are the areas of
study. :

STM is apprlied to observe surface topographies
with nanometer resolution, and small projections
on sliding surfaces which will cause wear are
detected.

STM can not apply on nonconductive, oxidized or
contaminated surface. To observe nonconductive
surface topographies, a ultralight load (less than
1 uN) contact profile meter which has a very sharp
stylus 1s going to developed.

Surface interaction forces provide important
information for wear problems. A simple mechanism
for adhesion force measurement was developed. A
sharp tip is supported by a parallel leaf spring
unit. After the tip has made contact, the sample
is slowly moved away. The tip remains in contact
with sample due to adhesion force. When the
spring force exceeds the adhesion force, the tip
suddenly detouches from the surface and returns to
its initial position. Adhesion force is
calculated from spring force. Adhesion force
distributions have many peaks. With lubricated
surfaces. adhesion force distributions have low
peaks and gentle slopes. Adhesion forces depend
on materials, and a mono-crystalline surface has a
flatter distribution than that of a - sputtered
surface.



Frictional forces are also measured by
detecting spring displacement. But, in measuring
frictional forces on relatively rough surfaces,
using very sharp tips. significant stick-slip
motions are obeserved, and continuously wvarying
dvnamic frictional forces can not be measured. To
measure continuous friction distributions an
improved FFM (Frictional Force Microscope) was
developed. The FFM has an electromagnet to
control the tip suspension spring in a non-
deflected position. Frictional force then
measured from the current of the magnet. Using
this FFM, continuous friction distributions
between 0.1 um radius diamond tips and sputtered
carbon surfaces on textured disk are measured with
a light load (1 uN). The friction distribution of
a lubricated surface has low peaks and gentle
slopes 1like the adhesion force distribution of a
lubricated surface.

In measurements with conventional - test
methods, such as with large radius ball tips,
friction and adhesion forces of magnetic recording
medium surfaces are generally shown to be almost

constant. But, in the high resolution
measurements, these forces are shown to change
considerably - with surface location. Thus these
measurements verify that medium surfaces are not
homogenious. Lubricants act to homogenize

friction and adhesion force distributions on
surfaces.

Sharp adhesion force peaks may be caused by
surface defects or contaminated spots. Lubricants
will mask defects and prevent contamination. But,
these explanation still remain hypothetical.



Combined Field Ion-Scanning Tunneling Microscopy

and Its Applications

T. Hashizume®

Institute for Solid State Pnysics
The University of Tokyo

Roppongi, Minato-ku, Tokyo

A combined field ion (FIM) and scanning tunneling
microscope (STM), which we call "FI-STM," was designed,
constructed with multiple surface analytical functions. The
FI-STM is equipped with a LEED/AES system and a sputtering
gun and/or heating devices for preparing and characterizing
specimen surfaces. The field ion microscope (FIM) is
operated at room temperature to observe the geometry of the
STM scanning tip in-situ in the course of STM
investigations.

The instrument has been operated successfully by
observing the structures of the graphite (0001), Si (111)
7x7, and Si(100) 2x1 surfaces. Alkali metal adsorption on
various Si surfaces is also being studied. The details will

be discussed.

*in collaboration with T.Sakurai, I.Kamiya, Y.Hasegawa, T.
Ide, I.Sumita, A.Sakai, H.Tochihara, M.Kubota, Y.Murata, and

S.Hyodo



STM images of .the Si(100) 2x1 surfaces.
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One of the useful models of icosahedral alloys has been that of an icosahedral glass:
unit cells from related crystalline phases packed randomly to produce a system with icosa-
hedral bond orientational order, but a large degree of translational disorder. The most recent
success of such a model is the description of the peculiar pattern of arcs of diffuse x-ray
scattering. Until recently, it appeared that all icosahedral alloys had a large degree of
intrinsic disorder such as that described by the icosahedral glass model. However,
recent high resolution diffraction peak-width measurements on Al-Cu-Fe alloys are
consistent with zero phason disorder, showing that this system is based on an icosahedral

quasiperiodic lattice.

* On leave from Department of Physics, SUNY, Stony Brook.
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