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393 7H4 (interferometry) — 952 1HA o] &
G4y - B 9= AL (Autocollimator)

Interferometry %5:
Optical flat
Fringe counting interferometer
Polarization interferometer

Heterodyne interferometer

2) HtE A 54

Fg A2~ (Projection)

3) A2 =4

Beam modulation ; FAg &3
Pulse echo ; FAE A
Laser Range Accuracy Application
Beam -6
. He-Ne, GaAs 100 m ~ 50 km 10 survey
Modulation
Q-switched 6 Satellite
Pulse echo 10 km ~ 10

Nd-glass, CO,

Military
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THE ELECTROMAGNETIC SPECTRUM
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F 61 oY wHe =48

)| ) d ZFHE ] 2 ujd =g
2 1.00 HEfE 1.52
S71(STP)" 1.00029 |A~FZ2A 1.54
& 1.33 Zgl~gd 1.55
o}A| & 1.36 S 1.65
e 1.36 Afzto]of 1.77
A EE(30%) 1.38 TUES 1.89
H A4 1.46 thojop = 2.42
AE(80%) 1.49

a, 3 598nm H(HEFSY =k ") b; STP: IFAH, 0Tl 1714l AHH

- shgel @e Wl wol 71 Mut FAEe] At

* lens 9 =4
(thin lens)

EZdl= (convex lens)

L E#A = (concave lens)




* FotA SZLPAA ALEHE A=7}F = A}
spherical aberration (F+H4x}); & b2 A
coma (343 Fxb); Hlo] @l= W 7o) ofyja vHl2Fs] YAatE uf (FAH7F S5 A
A & AF) Aol mel7F A
astigmatism (H] & =3});
field curvature (%9 %),
distortion (&l=):
pin cushion distortion 2% <124,
barrel distortion i€ H2EM B5 A1

chromatic aberration (2 4=2});

Seidel aberrations:

aberration =2} W7

wage] A4S PSR, @okcoma), MIHFAGEEMGE), Fo HE, aedHe 5747 vk
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(3) 34 (diffraction)
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% (Optical flats)9] <&
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Flatness

1st surface: A/20, 2nd surface: A/2

Diameter

25.0 7 100 mm

Thickness

6.0 7 19 mm

Material

Pyrex, Fused Silica
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Optical Flat

(a) internal reflection
n, > n,

(a) side view

(a) external reflection
n, <n,
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(1) @llolA e 54

LASER
Light Amplification by Stimulated Emission of Radiation

dolAE dtdorg =& AHE M S Zhet)
dol A= 1 FR/vkch oe 7kA] B o] AT, 3749 7] A o]
- highly monochromatic (%+*44])
- coherence (7F7FAAd)
- highly directional (Z214)
* Coherence (7}7+A4)
gpo] ATFA E=

- temporal coherence (A 7+2 7F7FAA)
Michelson interferometer

(2) He—-Ne # o] A

He-Ne Laser

Laser
output

Helium-neon gas reservoir

-

Laser bore tube

Output

coupler

1% 6.14 He-Ne Laser

Glass envelope

He:Ne = 5:1 ~ 20:1 ratio
50 Pa per cm of cavity length

High
reflector



2) 2+ A (Interferometer)

(1) Fringe counting interferometer

Michelson interferometer
Albert A. Michelson (1852-1931)

T A Alele] FRRATE N2 o Al 1A

IEHE
I:I
O=HE
H01AM H
T A L o
splitter

Photo-detector

1% 6.15 Michelson interferometer®] T4 %=

A&l olsAd; §
26 = NA

N; Fringe ¢ count <

Zeeman Laser Interferometer
HEAA ZA 29 6159 Bolon, o]F o] &3}
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"""" Fiber Optic Receivers %
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Meter |- Adjuster polator Filter E v
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Measurement and Processing Electronics ;
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Measurement | |Slave| 8 | Delay Priority | 2 | a
Signal —{Delaym— Line MEncoder— Output |, Time
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i___]..__| Dey Line interpolator ;
I e T
T Master ] | .
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1 Line etectal ier Logic =
}I ay Locked Loop i
1280 MHz
20MHz T/ TTEiTEmTEOS TR im R AL o
Reference —{ Phase | |Loop Voltage “B4 ' 40 MHz
= | Detector| |Filter %ent_l;fltlzd Counter : : Fe ZMI zooz
! scillator ' A
: Phase Locked Loop ; Dual Axis 6U VME

(0 AEzAY FHAE  (d) AEZAHYERE=
13 6.15 Zygo Laser interferometer ZMI 2000

ZMI 2000 System Performance

4 Pass PMI* 2 Pass PMI 1 Pass LI**
Position Resolution k4086 (0.5 Am) k/2048 (0.31 nm) 1024 (0.62 nm)
Position Range +5.3m +10.6m +21.2m
Velocity Limit 1.05 mfs 2.1 mfs 4.2 mfs

Maximum Acceleration o080 m/s*, 100 g)



ZMI 2000 System Laser Head

Type HeMe, cw, twe frequency
Power Minimum / Typical 425 uW [ 6oo uW

Will suppert up to 8 axes
Lifetime =50,000 hrs, 18 month warranty
Frequency split 20 MHz £ 1600 Hz
Vacuurm Wavelength Accuracy +0.1 ppm (lifetime)
Vacuurn Wavelength Stability +0.01 ppm (24 hrs)
Reference Signal Fiber Optic

A(H = aexp(—imd)

A,() = a,exp(—{(wyt+d))

= {a,cos(w;0) + a,cos(wyt+ ¢) — L a,sin(w,0) + a,sin(wyt+ ¢)]} -
{a,cos(wyt) + a,cos(wyt+ o) + L asin(w,d) + a,sin(wyt+ ¢)]1}
= a2+ a4+ 2a,a,[ cos(w;?) cos (wyt+ d) + sin(w;0) sin (wpt+ )]

I = I+ L,+2y I,1,cos[(w, — w)t+ ¢

kA g A o] MEe] M7I7F f,—f19 o] sinusoidal 2 ¥ 3}
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Kl 7 Z Scanning Probe Microscope (SPM)
7.1 N8

SPM€ Scanning Probe Microscope? 9Fxl= A EZ o] FHEA]
[
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A A=Y SAHS 7}%9’1] 5& AFM (Atomic Force Microscope), 42 &/olglo] 2 &
AELS =&HIY 4 9+ MFM (Magnetic Force Microscope), LFM (lateral Force
Microscope), FMM (Force Modulation Microscope), EFM (Electrostatic Force Microscope),
SCM(Scanning Capacitance Microscope) 12]31 EC-SPM (Electrochemistry SPM)%©| 3t}
ol g AAAWA e =49 FIH 54 9o g B 4 AL #alls(~50nm) o=
ool NSOM (Near-field Scanning Optical Microscope), A|BEHY SZEIE A=
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7.2 SEM (Scanning Electron Microscope)
«* 2F31: Wikipedia, the free encyclopedia
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[~ Electron beam
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fh oils X-ray detector lect
7
Oby lens
k Induced voltage al Absorbed electrons
- Electrons that
emt— pass through
the specimen
Sample
Secondary 9 0 o
Vacuum pump electron detector T '
i = B
Schematic of an SEM Az By

Backscattered electrons detector: PIN diode 3= scintillator detector (3% 4)

Secondary electrons detector: Evehart-Thornley (E-T) Detector (¥3E2, PMT)

X-ray detector: silicon or germanium doped with lithium: Si(Li) or Ge(Li)
Energy-dispersive X-ray spectroscopy (EDS, EDX, or XEDS),

B4 92 B

S x10 ~ x500,000 ©]F  ( x250 FstdvA)

SEM °|u|A] o
Secondary electrons detectoro] &
WA o] Fw A
AR HoukA

SEM image of a photoresist layer (field emission SEM)

AE B4 4
X-ray detector ©]&
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7.3 AFM (Atomic Force Microscope)

1) AFM9] 71 & 43

van der Waals force (or van der Waals interaction)ol 7]zx3s}le] =4k
(Wg2zt= (Dutch)®8%} “Johannes Diderik van der Waals”)
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= A 2 uA d" 3 (London force)
T4 A AN R IHEHo| XY g A glo] ofH #xAb

AFMel oJsteo] SAHH = &S
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 (SisN) 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 1s less than the equivalent spring between atoms of the samples. As the tip 1is
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

L/ Force Response Curve
T f :

g —
/ 1nm
Displacement — Force relation AFM cantilever tip image
(width ~100 micrometers.)
# 2F31: WIKIPEDIA (The Tree Encyclopedia)
2) AFM 9 74 % 5%
X-y-Z PiBZQ
] tube scanner -
E Q?’ pspu
N mirror ‘: l!::ﬂ cantilever
cantilever e _m e, SEAMDIE
_______ PSPD
=it &0 sample - oieso
——— cantilever h;:l spc'ann-r
¥-y flexure scanner T
(LT, e
(a) (b) (c)

3) 53

NC-AFM image of STI patterns on a 6 inch photomask taken with an XE-150 (5X5um
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.

AFM =74 o1 A 4



