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Reflectometry
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Approach

reference or calibration

reflectivity

mathematical model
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Material properties

n(BK7 —glass) =
n(Si) =3.18 k=-0.8

Dispersion W

Absorption

Refractive index
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Measurement principle - |

1. reference
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Measurement principle - Il

2. measure 3. analyze
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Measurement principle - reflection

1. measure a reference sample 2. measure layer system
(e.g. silicon) (e.g. oxide on silicon)
IL(A) \] 1L (A) 1,(A) \]

reference layer system

L (%) :Rf( reference)- 1, () l,(1)=R (system)- l,(2)

| ‘ | ‘
‘ well-known ‘ ‘ wanted ‘

measured unknown measured unknown

R (system)=

R (reference)
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Anatomy of a reflectance spectrum

reflectivity R
1.0
=== film-free
o 300 nm SiO,
0.6
3 2
R e Nl s e -l sl = s . = il
02 [AL/ TN /] ~ o
20T\ N
200 3300 2 400 500 €00 700 800 °0]0] 1000 1100
A [nm]
1st-order 1st-order
minimum maximum
A A
d=(2m+1)-— d=(2m)-—
( ) 4n ( ) 4n

M=1: d=3-584 nm /4-1,46= 300 nm

.. NL: +31 26 319 0500  PRIVILEGED & CONFIDENTIAL |

Opfics

WWW. oceanoptlcs com

UK: +44 1865 811118




(Tt

Measurement examples — multiple layers
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properties of reflectometry

* measurement property: thickness of transparent and semi-
transparent layers

* in some cases also measurement of dispersion (n&Kk)
using Cauchy or Scout models

* very fast and non destructive
* small measurement spot (1 um — 400 um)
* single layer or multilayer (up to 10 layers)
e thin layers (1nm -100nm): UV range
(Please discuss layers below 20 nm with us. Maybe an ellipsometer is needed)

* thick layers (up to 250um): VIS to NIR range
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Application examples

* Semiconductor industry: Lithography (Resist)

 PECVD: SiO2, SixNy ;or Poly, amorph Si, Si

* Glass/Integrated optics: ARCs und HC; SiO2, TiO2, ZrO2...

* Tribology (friction, lubrication and wear)

* PV Industry, ARCs, SixNy, TCOs: ZnO, ITO

e OLEDS, most semitransparent layers

* Anti corrosion (PECVD): most SiO2

e Plastic industry, HC on PC, PET, PMMA, etc.

 Medical technology: coating of syringes, Parylene on heart stents, Balloon cardiac
catheter(wall thickness)

* Si membranes (thin-etched or ground) 20pum to 200pum (InGaAs)

 DLC, depending on the production, transparent from 600nm or in the NIR (InGaAs)
» coatings on mech. Components (watches) - microscope application

* Wafer with structure, um spot down to 1pum, microscope

e Air gap in mask technology, (10pm — 200um) NIR
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Let’s discuss your questions

and applications
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Measurement principle - 1|
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Refractive index

C, = speed of light in vacuum ~ 300000 km/s

c(lvacuum)  cq

Refraction index n= — 20
c(matter) c
Examples: n(BK7 — glass) =
n(Si) =3.18 k=-0.8

The refractive index is a complex number with a real part and an imaginary
part. Both are depending on A, so they show dispersion. And k = absorption
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Dispersion of Si and a SiO2 layer
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Absorption

We can measure only transparent and semitransparent layers

absorption: semi-transparent transparent
(like metals)

_
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glass (far UV) glass (near UV) glass (VIS)
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optical length

/\/\ /\/\ n=1
\J VARV,

d=4 A
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d’=4 A

product d-n=d’-n’ = const !! (= same number of wavelengths)

optical length = geometrical length - refractive index
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Measurement examples — very thick thin films

anocalc B for thin films (administratormode)
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an example with 103 um of photoresist on silicon
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Measurement examples — rough films

parts of the incoming light is lost at the outer and inner surface

BV, 1

Xz

mathematically hard to
describe as surface
structure is unknown

e position of extrema remains the same

e amplitude vanishes
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Measurement examples — very thin films

sensitive to narrow
extraction region
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