15-398 lecture 5

15-398 Introduction to Nanotechnology Today
_ - Examining the nanoscale
Microscopy _ SEM
) & ) - TEM
Manipulation - STM
- AFM
. + Manipulating atoms
Seth Copen Goldstein ) STIf)/I 9
seth@s. cnu. edu _ AFM
CMU
A Bit of Microscopy History Transmission Microscopy
Optical Microscope .
~1700 SEM: 1042 - Light:
Electrons: TEM 1981: STM - Max resolution 275nm
1931 1986: AFM - Electrons

- Max resolution <.1nm

- Why electrons are better?
- De Broglie wavelength of e? h/mv
- mv is controllable! —

© 2004 Seth Copen Goldstein 1


http://www.prynearson.com/science.htm
http://www.trincoll.edu/~alehman/images/Instruments/
http://sibener-group.uchicago.edu
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Transmission Electron Microscope TEM

electron
@Iight source gun

| —>——condenser lens

+ Resolution: atomic

- « Can determine 3-D structure
= = specimen « Be careful of e- e interactions
b S objective lens

eyepiece projector

<3Iens lens

V image viewed Viewing
directly screen or

Figure 9-22. Molecular Biology of the Cell, 4th Edition.
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Scanning Electron Microscope SEM

+ Resolution: atomic

gleton - Surface features

- Requires Vacuum

- Often must coat specimens

condenser
lens

objective
lens

electrons from
specimen

specimen -5 Bt xam AR GRS o i e
NASA nanotech group
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Comparing images

(B)

Figure 9-30 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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Tum

Figure 9-30 part 1 of 2. Molecular Biolegy of the Cell, 4th Edition.

Scanning Probe Micrscopes

Scanning
Probe Tip

What might you measure?
How might you measure it?
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STM

VoruMmE 50, NUMBER 2 PHYSICAL REVIEW LETTERS

10 JaNUARY

7 x 7 Reconstruction on Si(111) Resolved in Real Space

G. Binnig, H. Rohrer, Ch. Gerber, and E. Weibel
IBM Zurich Research Laboratory, 8803 Riischlihon-ZH, Switzerland
(Received 17 November 1982)
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STM cartoon

Current

Tunneling Current

- /
e\ Ao~
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STM modes World's smallest Billboard?

+ Constant-current mode

- Measure height of probe to keep
tunneling current same

+ Constant-height mode !\ S
- Measure tunneling current X\ » » Hh HOH L4
- Faster l\ ‘\ h ‘ 4 ‘) A ‘A
- Requires smoother surface » *&&‘ “: D > ‘;‘ 4},)

+ Resolution
= XY:1nm, Z: .1nm

Xenon atoms

nnnnnnnnnnnnnnnnnnnnn

STM images Quantum Corrals

STM of copper(111)

Can you identify:
-Spheres?

- waves?
-Valleys?
-Plateaus?
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1.2nm CNT

28K

1000K

D. Carroll, Clemson U. J. Krim, North Carolina State University RHK Tehcnology, Inc.
Atomic Force Microscope AFM Modes
LASER LASER Contact
Detector Force Mede
Computer
1 1 Tapping Mode
/) Non-contact Tip Sample separation
Microscope
. P . Display

Sample Surface scanned back and forth What forces act to attract? Repulse?
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Contact Mode

Tapping Mode
Amplitude
« Contact-mode

- Interaction between tip and sample in

Height
3) Amplitude Data: LRSEr
output signal menu‘lnq 1) Height Data:
;M:'m;“&‘:;}" ans xyz Scanning z]n)uesgpnsnw; monitored
w H n
physical contact

by input voltage to piezo
tube scanner

- Can damage sample, esp bio materials
- Forces in nanoNewtons

+ Tapping Mode

Piezo driver vibrates
cantilever at

o resonance frequency
o diede dector

2) Phase Data (Il): v, I?h::' :f F*Tvlel:'l;aw
phase of feedback compared to phase of
s e S / hoto disge dettor
. . i . Phase Shlf—t Silicon Cantilever
- Vibrate tip, measure freq of oscillation

Sllcon Tp

————_.—

Sample Surface
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Different Data -> different views

Height Image
Scan size 1.00pm
Z range 20 nm

Amplitude Image |

S4T00 20KV 12.7mm 25D SE(L) BB 1415 120um |
Scansize 1.00pm
Z range 30 nm

Phase Image
Scan size 1.00pm
Z range 25Deg

Tt
nm x2.00k SE(V) 8/3/98 13:48 15.0um

—— Made from
from_ http://www. psrc.usm.edu/mauritz/afm.htm)

Sior SizN,
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http://www.psrc.usm.edu/mauritz/afm.html
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Interpretting images

5

EEkSE5E

S4700 2.0kV 11.7/m x7.00k SE(V) 8!

E—

Carbon m_._.
S4700 15.0kV 11.7mm x45.0k SE(V) 8/3/98 14:33 B67nm

nanotubes
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More artifacts

Subatomic resolution

A
o~
b
B
L. ¥
L1 -?‘. (VA AN f /
IR Vo Vot
u| T
[ 10 20 30 40 50
Subatomic Features on the Distanee (i)
Silicon (111)-(7x7) Surface
Observed by Atomic Force

Microscopy

Fran J. GlossibL” S. Hembacher, H. Bielsfaldt, J. Manshart

org SCIENCE VOL 289 21 JULY 2000
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AFM Images Dip-Pen Lithography

Can Read and Write!

Molecular llansporl\

Au substrate

AFM Tip

Writing direction
—

Water meniscus

www.sciencemagorg SCIENCE VOL 283 29 JANUARY 1999
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A\ n
Inks
Soft Materials Hard Materials
- Small functional - Metal inks
molecules - Sol precursor
- SAMs inorganic inks
- Conducting polymers - Nanoparticle
- Biopolymers / catalysts ve®.®
macromolecules :0 oo '.'. °®
f& o ® o00p °
Y N : e %o
vy { °
R:i"‘&m‘:*\
gt
S
Substrate
From Nanoinc presentation
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Today
+ Looking at (and modifying) the
nanoscale
+ SEM/TEM
« STM/AFM

+ For Thursday: read chapter 3.
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