WA FARIE T IR

We are
SRERE:

1. BRFIREER

2. HFIAR
3. ALRIEAR



I'hree categories:

.. SPM: ¢ NSOM
& AFM

¢ STM
). Spectroscopy : ¢ General introduction

€ Raman Spectrometry

3. Imaging: & Confocal imaging

€ multi-photon imaging
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Scanning Probe Microscopy

€ Scanning Tunneling Microscopy

\ 4

€ Near-field Scanning Optical Microscopy
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tunnel current
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‘ Fundamentals
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Breakdown under high voltage
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. Working principle of Scanning Tunneling Microscopy

Tunneling Current
~ 100 pA

90000
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- Fundamentals of STM
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STM.flv

Fundamentals of STM

. This is the STM image of Si(111)-7x7 um? surface, the
white spots represents the position of the atoms.
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. Constant Height

Tip travels in a horizontal plane
Tunneling current will vary

Only suitable for smooth surfaces
Relatively fast
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_constant current

+ 36 The STM uses feedback to keep the tunneling current
constant.

b Tip-to-sample distance varies to a few hundredths
of an angstrom

> Can measure irregular surfaces
5 Time longer

Qo Qo

constant
S nt

[y — ' e ——

path of tip




Constant Current




Tips Fabrication

« To ensure atomic resolution, It 1s essential the
tip Is of one atom dimension at its end.

 But hard to verify ;)
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Tungstet

11p Nanotaprication N

¢ The most common types of Wire
STM tips are electrochemically ‘é?!ft?é‘dml S
etched tungsten wiresand | UT — 7 — T
cut platinum-iridium wires. 10% KOH

36 Use of materials that do not
oxidize in air such as Pt-Ir or
Au might be advantageous as
well as the stabllity of
tunneling in air.

# However, tungsten is most
commonly used in ultra-high

vacuum, where oxidation Is

not a factor.




TIp

6 This tip was made by electro-chemically etching

tungsten wire in KOH at 3 Volts and 18 mA for
67 min.




Tips

FE KOH at 3 Volts and 18
mA for 67 min.

F$E KOH at 4 Volts and 19
mA for 45 min.




- Tip Crashing (shortage of STM)
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"STM

' Construction
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Light rigid connection between tip and specimen

Inchworm for tip approach

Piezo cylinder for control of x and y (scanning) and z (tunneling ga
Insulating shield/ tip holder

Tip with low noise/ bias connection

Specimen

High mass base
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'Scanner

(a) (b) {
—— L 7 offset voltage
y — f controls tip heigh
z Tripod
l Tube
X

+

N T

g (¢) z
y
/ y
X
A X

Fig.4.4. Common three-dimensional scanners: (a) tripod, (b) single tube, and (c) a cros:
& combined with a single tube




* Scanner - Nonlinearity
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: Scanner - Hysteresis (i )5 /EH)
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* Scanner - EHEEEAL
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* Scanner -
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Electronics
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Calibration
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Haradaware Calibration
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Fourier Plane

ACS Photonics 2, 385 (2015)
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. Applications

+ ¥ Here is a STM image showing iron atoms adsorb on a
copper (111) surface forming a "quantum corral"in a
very low temperature (4K).

. 36 Actually, the image shows the contour of the local
density of electron states. The corral is about 14.3 nm
In diameter.




Applications : Nanotechnology

k.36 1ron on Copper (111)




Applications : Nanotechnology

#& Xenon atoms on Nickel (110)
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Table 1 : Characteristics of Common Techniques for Imaging and
Measuring Surface Morphology

‘ Optical SEM SPM
Microscope

Sample operating ambient air, vacuLum* ambient air,
lenvironment liquid, or vacuum liguid, or vacuum
|Depth of field small 3
100 —
Depth of focus medium o b
) 108 —
Resolution: X,y 1.0 um o
€
E 10° «f=mm
Resolution: z N/A o 10° -
<
0 107 -7
Effective Magnification  ||1X-2x10% _ , | P OPTICAL
: S %
Sample preparation|. E 2 Z 2V S SCANNING ELECTRON
. MICROSCOPE
requirement iz € 1 A 7V?
?;?////
sample m L /// A//y/ SCANNING PROBE -
Characteristics required |[completel ™' 12902227 I
lof sample transparel 1072+ N7V
waveleng! o3 -pm e )
pm nam um mm

m
| { | | 1 | | | { | O | | | | |
] | | | | | | l | ] 1 | ] | 1

1073107210""' 1 10 102 10° 10* 10° 10° 107 10® 10% 10" 10" 1

a e e T ™. N

* Environmental SEMS can be operated at higher p




