X 8 & scanning Probe Microscope (SPM)

8.1 /&

SPM-& Scanning Probe MicroscopeQ] 9FAt2A] 249 RHEANS AXHVA] &5A-TE &
A Mz 7NEe duldE S-St golth. faluyetoa = LAt u]goletal gttt ¥R Y
£ ZopA{(0.1-0.5 nm) offe] £ AUAFRE & 4 T+ 7IEY FES MEH LA
LA getdn] gt A2Adiel "R 0]d oh&2] ASAd] dojde= xpe] foprpa Qlot. &
s140] 7o) hgo] A3 28 o), HAIR0A(SEM)] o] AR 24w wjelE] ulsh Yxt] A
of wjge Hn AW HiRA, AR YAtE BRY 5 Uk =3 AR @014 TEME 5
Yo Wolse WAlolt 4 Wi Mol @A "old R UAE WAT 4t ¢
of gAEngel ARuEel Yilse 4% wYuch o Soid S A4 B o

(0.0Inm)7HR| = F7dshid 4 Qltt.
SPMofl= ¥AS0] A AlE & X207 A4S STM (Scanning Tunneling Microscope), £
=7 st AFM (Atomic Force Microscope), S419] dAalo]elo] T2 EX
=g &-AY 4 99= MFM (Magnetic Force Microscope), LFM (lateral Force Microscope),
FMM  (Force Modulation Microscope), EFM (Electrostatic Force Microscope),
SCM(Scanning Capacitance Microscope) 12311 EC-SPM (Electrochemistry SPM)S-o| 9Qitt.
olefdt AU elof= £o] WatA Mg Wol wpy met WA AL Ba5(~50 nm)o2
dolfj= NSOM (Near-field Scanning Optical Microscope), A|l2RHC] 221 S A= SThM
(Scanning Thermal Microscope) 52 @At 0|40l Q=0 ofAlZ de] AREE 1 QX oLy

oz WA, S8 JhsHol Uk,

- O

dr AAHAUIAS A2 AT8u AUE BA, S22 molu gich ddokg ¥et Axy
FAe] £ 9 2RE SMolMNE MY P BABAN o2ta Ff wot o A o
92 St mE Fof FEET ck AUEORE WEAY BY A%, defect BA, BHE
a3z, A a3y F A7l a3 5o 220 H[E(bit)Y] R ZAF o 20]a glon F
< 2 MRS Holu 9= FPD (Flat Panel Display)?] A& 24 £A vz &2E| 1 9lch
£3] o]= SIA (Semiconductor Industry Association)ofA] ®8ist= National Technology

Roadmapo] ¥EE| 0] 9J50] ¥F=R] Ao s AAAU A S A ALY A= K}H]g 01X 5}7]

of o=t dAtADE2 s Y o7l & ERF OME} BA 141011

HEYe] 1xL HE 2Y 5&

Zotst AxkRD| o] S8uwe

248 RHEO 7151 g £ QlojA LJriEJ&JE}HJ (Nanohthography, /\H_IEU\}) LJriEH
U
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Jd (Nanomachining: &A}),
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8.2 SEM (Scanning Electron Microscope)

* AF11: Wikipedia, the free encyclopedia

AL LAY O R 7HESHo] Al Yol SEAIAA AlE

ogh
fu)
»e
ox.
Mz
o

25 7))

et __[m g?

Primary electrons
- “’
Arode —— Ry xR
Sean genorator
Ba,
Condansor T~ 4
lensas ~ron
| Amplifr 7 ‘ Absorbed elect
- orl electrons
: i% ot == Induced voltage OIM
Objective o Becmicec) Electrons that
fens pass through
- the specimen
Back-scattered
lactron detectar ——. ]
o etectar ‘n 0 9
Xetay S = =
X Secondary
% alectran dotector
Sample
Motorized stage
1 = ==
Schematic of an SEM Az ¥y

Backscattered electrons detector: PIN diode T+ scintillator detector (3L=4)

Secondary electrons detector: Evehart-Thornley (E-T) Detector (83&7%, PMT)

X-ray detector: silicon or germanium doped with lithium: Si(Li) or Ge(Li)
Energy-dispersive X-ray spectroscopy (EDS, EDX, or XEDS),
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8.3 AFM (Atomic Force Microscope)
1) AFM9Q] 7|1242]

van der Waals force (or van der Waals interaction)o]l 7]|&sto] 43,
(UE= (Dutch)utstxt “Johannes Diderik van der Waals”™)

ARE @e Ul 7bAl Fa UQlo] ok ol BARE 91A] oluxl: A= sbrte] cobtd Agst

2 2
of $ALY BT Sh- b MR A J1A] 29102 o[ FOA AY YRS Zrerh

1. Ashol o) Z9), AR Falol Qe BA] A9), AFEIAHYWAR ch o] Toix
t BE BA), I8 9uHoR 97 0F3 1o AAUIM 4earg. FR/A YERge v}
T YW A=Y 7159 0|52 0A J1& BEAE Be 714 Polat Bt
2. Aol £ WA Aole & BAl YA OFIY O BAY SEY 0EF 1) PEatg)
w3etgaolct o] A5AES e LW, utolo] o] 22 W tutolett Wele SHE|w ik,
3.4 WA Qe T2e BAtlolet 23W Zex W9 o3 upA #W @(London force)
ot 2olfch o7 L34 UMY Molxl: Aolx|gt chAlHol gTglo]l ofE At 7o

mechanical contact force, van der Waals forces, capillary forces, chemical bonding,
electrostatic forces, magnetic forces (see magnetic force microscope, MFM), Casimir

forces, solvation forces, etc.

In AFM, a tip (most commonly made of silicon or silicon nitride (SisN4) approaches the
sample to within interatomic distances (approximately 10 A). The tip (3-15 microns in
length) is mounted at the end of a spring cantilever (approximately 100-500 microns in
length).
The spring constant (between 0.10-0.34 N/m for Contact-Mode Silicon tips) of such a
tip is less than the equivalent spring between atoms of the samples. As the tip is
rastered across the sample, it fluctuates with respect to the surface features of the
sample.

As the atoms of the tip and sample are brought together they initially weakly attract
each other. This attractive force increases until the interacting atoms are so close that
their electron clouds begin to repel one another electrostatically. This electrostatic
repulsion continues to weaken the attractive force as the separation distance decreases.
The attractive force goes to zero (i.e., approaches the limit of zero) when the distance

comes within the length of a chemical bond (a few Angstroms). Once the total Van der



Waals forces (repulsive forces) are positive, the atoms are in contact.

Notice that the slope of the Van der Waals forces curve is quite steep in the contact
region. As a result, the van der Waals forces dominate almost any other force that
attempts to push the atoms closer together. Thus, in AFM, the cantilever bends when it
pushes the tip against the samples surface, rather than probing it further into the

sample
Force Repulsive Forces
/ Force Response Curve g
- _D_is(ance
//,"//’\ Attractive Forces .
/ 1nm
Displacement - Force relation AFM cantilever tip image

(width ~100 micrometers.)
* AF1l: Wikipedia, the free encyclopedia
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3) 54
NC-AFM image of STI patterns on a 6 inch photomask taken with an XE-150 (5%X5pm

scan, 70mm z range). 3-D rendering of un-processed raw data. The AFM probe traced
both upper and lower terraces faithfully and almost imaged the side walls.
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