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Lecture Plan

O Introduction

O Atomic Force Microscopy
0 Contact
0 Non-contact

0 Intermittent (Tapping Mode)
1 Tip
1 Other AFM-like SPM methods
1 Applications
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- Origination of AFM
" Profilormetry

film
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. Atomic Force

' Microscopy

Position-
sensitive
detector

Tube
scanner
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AR ATOMIC FOrce Microscone (AFM) 15 3 SCAnNME MICTosCone which probes 4 sampie’s surface.

It consssts n 3 tip positioned at the end of & cantilever
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AFM vs. Stylus Profilometry

0 In comparison with stylus profilometry

O AFMs have a number of refinements
[ sensitive detection
1 flexible cantilevers
[ sharp tips
1 high resolution tip-sample positioning
1 force feedback
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‘Force vs Distance : Contact mode
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. Contact Mode ._

—Constant Height or Constant Force

| [0 Constant-force mode
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Contact Mode

—Constant Height or Constant Force

[0 Constant-force mode
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‘Non Contact Mode
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Non-contact Mode

. 0 Advantage
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contaCt Mode wrd PIUTEer Wi s
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. Tapping Mode

R e IR T RT T N E PR . BREF SR s ]
WOARMEANE, R R A G B T
T ARET P HETR A A s 2 T o S IS 4347

Scanning Probe Microscopy.
Yongai Fu, UESTC



Dozillation Flazo

Silizon Cantilever
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Cantilevers
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- Cantilevers

1 Typically measure 100 um in length
‘O Silicon nitride (Si3N,)
-0 thin film of gold for reflectivity
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- 'Tip types

O normal tip (3 um in tall) for contact

[ super tip for tapping mode
| Per up PpPINg

s —
- O Ultralever (tapping mode) _ R |

OFIB trimmed tip
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MAXIMUM RESOLUTION CANTILEVERS I l p S

rermoMicroscopes Ultralevers are M gh quality cantilevers ideal for most
FEATURES: Z roscopes Ultralevers are figh qualify o e
tapographic applications including, metrology, high resolution, non-contact
+ Silicon cantilever with silicon

1 : or intermitiant contact imaging, and IC measurements. MFM Ultralevers are
conical tip.

ideal for high resolution MFM imaging en “hard” magnetic surfaces. Tipless

Tip height nominally 5 - 7 pm. cantilevers are a perfect platform for the reasercher who wanis fo make a fip ouf

-

Sharp, high aspect ratio tip. of a custom material or other chemical applications.

Typical radius of curvature 10 nm
(60 nm for MFM Ultralevers).

Recommended for non-contact
mode.

Gold coated for high reflectivity.

Boron doped silicon, 0.0010km.

Wide range of spring constants.

Tipless Ultralever

Four different cantilevers on
every chip.

Compatible with any major

UL MFM Ultralever
+ Also available are MFM

Ultralevers coated with cobalt f {

for Magnetic Force Microscopy, o 0.8 mm B

and Tipless Ultralevers for spe- / )

cial applications. — LL“éA\ﬂv_fﬁL

: \
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16 mm C| T
0.3 mm
Chip Cantilever Tip
Tiwical mechanical characteristics
Cantilever type A ] | C D A | B | C | D
Standard mode of operation Contact Intermmttent and non-contact
Cantil ever length 180 1umn 180 1um 85 um 35 um 130 1um 130 tum 35 Lm 35 um
Cantilever width 25 wimn 38 wimn 13 win 28 uin 25 uim 38 win 13 uin 28 "
Cantilever thiclmess 1 m 1 um 1m 1 m 2 um 2 um 2um 2 um # ]
Force Constant 0.26 MNin 0. 401Mim 1.6 1An 2.1 Mim 2.1 Min 3.2 Mim 13 Min 17 Mim - b
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Resolution 1ssues
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Tips Manufacture : Silicon Nitride
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pyramidal pit

silicon nitrige

cantilever

silicon wafer
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IMlask aligner accuracy. XtU.oum, yx0.oum,
AQ,==0.477 (for 2” wafer)

Probe Microscopy.
i Fu, UESTC



SI anisotropic etching Ratio

KOH TMAH
RllO/RlOO z

- Data is cited from “P.Rai-Choudhury Edited, Handbook of Microlithograpgy,
Micromachining, and Microfabrication. SPIE Optical Engineering Press, 1997.”
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Tips: Resolution
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Tips

, Atomic Resolution?

0~202n90
O 0800080 tip is rastered

- @ across surface
s missing atom

surface atoms 4

s N\ N\UI\UU N SNUN\YS L signal traces (signal vs. time)

for tip atoms 1, 2 and 3
um signal trace: I\MMU\M




Calibration of AFM
Method |

Calibration gratings

AFM calibration gratings

- Porous Aluminium

- TGX (lateral calibration

- TGG (triangular =teps for lateral calibration and tip characterization
- TGZ (zteps 20 nmup to 1500 nm

- TGF (trapezoidal 2tep=, edge angle calibration

- HOPG (graphite

Application
Calibration of AFM and STH
Verification of tip 2harpne=s and geometry ,-“i-‘

L
Scanning Probe Microscopy. e-”rééa t & é? ji 4: 1

Yongai Fu, UESTC



Calibration of AFM
Method |11
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https://www.google.com.hk/url?q=http://www.renishaw.com/en/laser-calibration-reduces-costs-and-gives-four-fold-accuracy-improvement-for-cnc-water-jet-cutting-machine-manufacturer--7968&sa=U&ei=wEmJU5LrLsTy8QWdxIL4Ag&ved=0CDcQ9QEwBTgU&usg=AFQjCNGUKNIu6iRqDNSSlj5VGNIXXShI3g

Other types SPM

0 Lateral force microscopy
0 Magnetic force microscopy
. 0 Electrostatic force microscopy

- 0 Phase detection microscopy

L
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SPM Types
Lateral Force Microscopy (LFM)
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: SPM Types
) 7 B (LFM)

O P B A B AR
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* SPM Types

) 77 w5 (LFM)
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OFivi 1ypes

1] 7 Bk (LFM)
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. SPM Types

Force Modulation Microscopy (FMM)
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SPIMV Types
Force Modulation Microscopy
(FMM)
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SPM Types
 Phase Detection Microscopy

[0 Map variations

Etender ——am plituc:
] elasticity Electronics | phase
1 adhesion
[ Friction
[0 Known as Phase ?—' . ?,,
L Imaging

phase
|
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. SPM Types
Phase Detection Microscopy
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* SPM Types

: Magnetic Force Microscopy
AR €5

O Magnetic force microscopy (MFM) B &7 5 2 1H

W58 =S TR A2 AL

magnetically coated tip 7k

3 j_u_f_» path of cantilever

\ * f — + + — * * flat magnetic sample o

magnetic
domains
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. SPM Types

Electrostatic Force Microscopy

[0 e g S S I SR 2 R 3 M 2 A T,
KA TFMFEME R 45 58

-0 EFMA] THF 50 3R 10 FLAe7 25 FE ) 2= [8) AR 4k,  Bildn: #8445
v B B A R i L A 0 A

—L_u—;_> path of cantilewer

T4T - - T4T

sample
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Applications

\ O Single-stranded DNA seen
as the 'ghostly’ strand
surrounded by duplex
DNA. Sample pRH3
(6.16kb) plasmid DNA,
heated to melt duples then
adsorbed to poly-I-lysine

mice Scan size 900 x 900

nm.

. . " ) '
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. Applications

* 0 Contact mode height and friction image of oil droplets
(fingerprint residue) on glass. Contact mode height
and friction image of oll droplets (fingerprint residue)
on glass.

Height and friction image of oil droplets

L
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. Applications

" 0 AFM height (left) and phase (right) images of

poly (methylmethacrylate)

Topography Phase
Scanning Probe Microscopy. @# t & é? ji 4: .
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. Applications

0 Track edge on a commercial hard disk. The surface
topography (left) shows texture and 80nm-scale film
morphology. The magnetic force gradient image
(right),. 5um scan.
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L Applications

Phase and Tapping Mode images of wood pulp fiber

Topography
Scanning Probe Microscopy. @# t & é? ji 4:

Yonqgai Fu, UESTC



Applications

. Silicon wafer after an

RCA-type clean. This

particular clean increased
 the surface roughness of
the silicon from its as

received value, typically

. 0.1nm~ 0.73nm RMS.
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Introduce AKMs
Different Modes

Construction

Types
Applications
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