Qmet Film Metrology & More...

MEASUREMENT OF THE THICKNESS OF THIN & THICK SUPPORTED FILMS

With FR-tools, the thickness of thin & thick, single layer & multi-layer, supported & free-standing,
transparent & semi-transparent, uniform & non-uniform films is measured in the 1nm to 1000pum range
depending on the actual FR-tool configuration. For the measurement of film thickness in the lower part of
the thickness range an FR-Basic tool with spectrometer tuned to operate in UV/VIS is employed. In certain
cases, when an ultra-thin layer is deposited on a transparent layer of known thickness, then the thickness of
this ultra-thin layer can be measured even if it is <1nm thick. In the following screen-shots, representative
measurements of single films applied on Si wafer (semi-reflective) and glass (transparent) substrates are
illustrated for film thickness in the range of 3 nm to 200 um.

Ultra-Thin Films (<10nm)
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SiO; on Si wafer. SiO; film thickness: 1.1 nm.
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SiO; on Si wafer. SiO; film thickness: 3.0 nm.
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8 FRMonitor - Off-line mode (C:AUsers\a0) on Ge\AI203(SamL100ms_FLMT03199.ex2)
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SisN; on Si wafer. SizsN4 film thickness: 6.5 nm.
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Pt on Si wafer. Pt film thickness: 7.3 nm.
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B FRMonitor - Resl-time mode
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SisN; on Si wafer. SizsN4 film thickness: 8.0 nm.

8 FRMonitor - Of-iine mode (CA\Users sktopFR-Montor 203 on Ge\A1203100ms FLMTO3199.6:2)
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Al,Os on Si wafer. Al,Os film thickness: 8.5 nm.
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Al,0O3 on Ge wafer. Al,Os film thickness: 9.0 nm.
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Film Metrology & More...
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SisN; on Si wafer. SizsN4 film thickness: 19.1 nm.
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Fla BBt View Acuistion Processing  Unities Mol

5\-/\,\1_"[/\7\ RS DS 9}“.;\1?3/;‘737& RSl s

Reakima
Tite
3
3 Offset
g Scale
2 Error
& Integral

Wavelenglhs

3 Layers

T T T
400.0 5000 6000 7000 800.0 9000
Wavelength [nm]

a

T
[# TType | Category haatesal Est. Thick (rr)| Min. Tick. ()| M Thick. () | # Steps | Fit 1. Refractve ndes] Edit 1| Reset 1]
B B e ot o [0 fwows = | PR G
=¥ 2005 1 10 o Rewbets =l | | @ denresr Laxit scuares.
[ tnfmie e infaie o o fawvta | | e e
SiO; on Si wafer. SiO; film thickness: 20.1 nm.
i FRMoritor - O TROE [CAPr o S i Thels MR DT s e B D B O o e e 202 ex2) il [ESREa ]
&N Al R BO @ F S rsos issoa T[r|% i & A K
(Off-line
Tite:
o Date IMon Jun 08 12:43.40 2015
- Experimental Spectrum Time: j0:00.510
I Fited Specrum Spectrum:  [274
Al »n]
b Temperature Controler
|Disabled
1.0 Offset
Error
2 ntegral: [28.05
B
o1 A
£ P Zrox(23.2 nm)
PRSI
T T T T T 5
4000 5000 B00.0 7000 800.0 @
Wawelength [nm]
T = SNE LT s |C
fiEE J inte 0 o 1 | g fsaad i = |
[ 2 [T 2 o = - = e || Mol Lot S e
ceneren I e manewinse o R [ e -~ | P
e
Zr0; on Si wafer. ZrO; film thickness: 23.2 nm.
H #RMonitor - Real time mode - a 7
TR TSR
= N At R Rsos el @ A T[r|[%][§ & RS A A
Tifle. 1
ectrum
E‘ 40,0 — Offsat: ﬁ
k] Scale 1
8 4 Error (51775
& Integral: [0.00
35,0 — z
300 — ) [1 Air
£ 2. Si02 (therm) (30.8 nm)
T T T 3} Si
400.0 500.0 6000 7000 800.0 900.0 ©
Wavelength [nm]
fores womy [T
» [ [ ooy Tk ()] W Tk (o) . Tk (o) [ St | .| etactne o] o | et ]
Joite atae o [0 M BBl | B | [ G
1 00 Mo R -  Nordnesr Least Scuares o
[ infinite Infinite Inferite o [0 RawDate =l _| = | Faurier (3hayers o) Cantruous it |

© TRUST (1 nknonn yer)

SiO; on Si wafer. SiO; film thickness: 30.6 nm.

Copyright ThetaMetrisis 2020

A9t

5|Page



# FRMenitor i Fies 1073, ;US540 SKrpm_200um_probeel)
&N Al R BO @ R T rsos ssoa T[R[% §F AN A

@ 8

WE parimental
_| MFited Spectrum

i ™

gz T T T
4000 500.0 600.0 7000 8000
e Wanvalengh [nm]
fewport | Laer stock | Wsseiencehs - imearst | e Staae Cortrol | Tempersture Corsrl | Lea
e
sty [T
=] Categery Wetral . Thick. | Wi Thie [, Trice. = teps i oL RefaciveIndes it Rt .| sl F rogrem [T
1 tac =i =11 tntite it o 0 tewbae =l | | ot | T

-
1romes  clmamss SIF oz (DN Co o =l || | o Okl e
——

[semicorcieren 2l =T e e wieee 0 [0 nawnms =] || _| o € P Blapesart

] © TRUST (Lurirnnier

Tite:

Date:  [Fri Jan 16 16.09.05 2015

Time  [0:00 000

spectum: [1710
Ao by

Tomperature Contratar
Disavied
oOffset;  [134.565

Scale [0 sBs514
Emor  [0.102497

Integral:_[0.00
£
H
s 00000 @
o |1 A
£ 12 PMMA 850 (40.3 nm)
Zas
3

conumearit

PMMA on Si wafer. PMMA film thickness: 40.3 nm.

H FRMonitor - R time mode

Fle Eot View Acqustion Frocessng Unities Hew

5\'1\,\@-\/\;{ rs s Gt ) @ A tv/r|%][f & AN A A

Rea-ime

pectrum

ctance (%]

Refle

T T T -
400.0 500.0 5000 7000 800.0 9000
Wavolength [nm]

T (o Vi T (o) M ok (o [ Sap | P . Rtctne e Fa L Rt
T R—T r 5

1 100

Infinite_Infinite Infaite o

SiO; on Si wafer. SiO; film thickness: 41.9 nm.

# FRMonitor - Off-line mode (Ci\Usesc\AL . AL Porous Si_on _AIZ03 5i
[Fi] £t View Acouistion Procesing Utiies Help

= N\ J’Mﬁl“.fﬂ RS DS RO @ A T\L‘Mi“ S\ A

i FLMS15124.082)

fottiine
I E:perimental Spectium
e Spectrum
80.0 —|
_ 00—
E
E 00—
3
L3 4
200 —|
00—
T T T T T
3000 000 5000 6000 700
Wiavelangth [nm]

Layer Stack | Vie velength
Lavers
= [Tpe | Cotegory JMmm\ st Thick. (nm) | Min, Thick. (e | M. Thick. (nm) | Steps | Ft . | Refractive ind... Edit 1. | Reset |
16 i =] air I e ntiee infnite 0 [ 0 Rewdem
2 |6 = victectics =l aroz =¥ ne w0 1000 10 o Rawoew =l _| | _|
. b . . - Down
3 |6 =l semiconductors =l 5i =I[™ minte infnite Infinite o 0 Rawoma =l _| |
Reacy

€ TRUST (1nknonn yer)

Tite: |

offset [0
Scalo 1
Eror  [54124
Integral:_[0.00

1 Ar
[ 202 theru} (€49 mn)
i

3 Layers

ey [0

Agate
[ ——

EX

© Farir (Blyersony) | Comtrumus it |

o

R T
Date 2019 EIEE

Time: 001468

spectum: [T

M| ——— »|y]

omser [0

Scale [oososze
Emor  aes3s

R lo sss185

integral.__[000

Wavsizngins

fiom
[2 AI203 {73.2 nm)
)

3Lapers

I unformity |2 .
it || Roginess [ .
stk ||| sortm
—  Moninear Least squares
S| | ouwer Qlayescny) | Contrmart

 TRUST (1 unkniann lsyer)

AP NUM s

Porous Al,03 on Si wafer. Porous Al,Os film thickness: 73.2nm

Copyright ThetaMetrisis 2020

6|Page



' FRMritor - Off-line e (CHProsram FiesiTheta Metrisis\Date_ messurements\Data\5_6_ 2015, TH kehths'aless JTO.12)
Fie S View Aqustion Padssng Uillies Hes

5"!\-.&'-‘&“ () ® “ " RS DS 5 5D A T\L‘D/D i & A A

[Off-line

sparimental Specirum
fied Specirum

Tria
Date:  [Fri Jun 05 13.08:25 2015
Time~  [0.00.000
Spectum: [172

T —
Al o]

Temperaiure Contreler
Disabiad

0.15
] Offset 1243,
g Scale.  [1.05559
g b Error [0 00688548
] ntegral._[13.65
0.10 %
A =
|1 Al
£ R IT0 (84.0.m
0.05—F T T T T T T E\ Microscope slide
5000 550.0 6000 6500 700.0 750.0 800.0 8500 ©
Wavelengih [nm]
Lapurs. ‘ ‘ I unformiry '"7
T I e it bere 0 [0 RawDas =] = || =l &
=lro =IF #ns 0 w0 2 o Lo L | | .
erascop [ Infine | infeteInfinte 0 I 0 kaw = | Contiuoun Rt
7 TRUST (1 unkrwm laver)
TiO, on microscope glass. TiO; film thickness: 84.0 nm
. N vh Y [ W= T—
&N At R rsos BO @ A T [R|% [F|& A A A
(C-hne
Title: |Reference Spectum
Date: | 02017
B Time:
B Expernimental Spactrum
IFited Spectrum S;\?([mr‘v {
e LR gL
ofset [0
8 Scale: 5
5 N Eror  [0.01052
8 04— R [pseator
& Integral  [000
g
005—
1 AL
€12 110 (88,8 nm)
! 8 ’ ' 213 Fizad Siica
5000 6000 3000 9000 “
o T, PR R TR [T YT [ T | o]
[T =l G = et 5 T 0 fawdws =] — "
=lno a0 00 s o R | e 1
lruessics x| e _inte inioe b o 0w =l | ot | _598_| | roses iy | Comrmnt |
€ TRUST (1 uknown Syer) d

e |

ITO on Fused Silica substrate. ITO film thickness: 88.8 nm

Copyright ThetaMetrisis 2020

o

7|Page



Qmet - Film Metrology & More...

Conventional films (100nm-1000nm)
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Ultra Thick films (>100um)
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Film Metrology & More...

MEASUREMENT OF THE THICKNESS OF UN-SUPPORTED FILMS

In addition to the standard thickness measurements of films coated on substrates, FR-Tools are able
to analyze the reflectance spectra of un-supported samples and to measure film thickness and all other
optical properties (refractive index, transmittance, reflectance....).
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measured to be 50.1 um, and coating 23.6 um.

4layers  Wavelengths

Tile: |

Date:  [Thu Nov 09 08:38:45 2017

Time:  [0:00.000
Spectrum:  [1710
<}

Offset:  [0.0515231
Scale: (0116658
Error:  [150.022
Rz (0579745

Integral: [0.00

. PET (60.1um)

1. A
F. TEST-A (23.6 um)

Simultaneous thickness measurement of a PET film and its coating (“TEST-A”") on top. Thickness of PET

20| Page



Qmet ' Film Metrology & More...

MEASUREMENT OF THICKNESS IN MULTI-LAYER FILMS

In addition, to the case of single films, FR-tools are extensively used for the simultaneous
measurement of film thicknesses of stack of films. The maximum number of films that can be characterized
simultaneously, depends on the optical properties of the individual films and in particular on the refractive
index contrast, i.e. the difference between the refractive index between adjacent films. In the following
graphs characteristic cases of the characterization of various multilayer films are illustrated:

o Two layers stack (two dielectric layers)
o) Three layers stack (two dielectric layers, one semiconductor)
o) Five layers stack
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Film Metrology & More...
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PMMA (1292.0nm)/SisN4 (111.3nm)/SiO; (3037.4nm) on Si wafer.

In the case of multilayers of repeating films the option of linked layers can be activated. In this option
the film thickness is considered constant for the selected layers and the software finds deviation in the
estimated film thickness. In the following screenshot, the case of five layers stack of
ITO/polyimide/LC/polyimide/ITO on BK7 glass is illustrated. The fitting process was applied for the three
layers (polyimide/LC/polyimide) while the thickness of ITO is fixed at 10 nm.
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Film Metrology & More...

NIR measurements (900-1700nm, wavelength)

For the thickness measurement of conventional and ultra-thick films in the 100nm to 1000um range,
an FR-pRo tool with spectrometer tuned to operate in NIR is employed. In the following screen-shots,
representative measurements of single and multi-layer films are illustrated for film thickness in the range of
100nm to 100 um. Also the measurement of thickness of Si wafer is also demonstrated.

Conventional films (100nm-1000nm)
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MEASUREMENTS OF THE THICKNESS USING FOCUSING MODULE

Thin films (10nm- 100nm)
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Conventional films (100nm-1000nm)
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MEASUREMENTS OF THE THICKNESS USING FR-uProbe
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