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INTRODUCTION

FR-tools are compact turn-key solutions for the characterization of thin & thick, single layer & multi-
layer, supported & free-standing, transparent & semi-transparent, uniform & non-uniform films. With FR-
tools the following film properties can be measured:

o Film thickness

o Refractive index (both real and imaginary parts)
o Uniformity

o Roughness

o Color

o Reflectance

o Transmittance

o Absorbance

The Film thickness range that can be measured with FR-tools is 1nm — 1000um depending on the tool
configuration and the number of layers. For the measurement of ultra-thin layers, FR-tools operating in the
UV/VIS range are employed. The numbers of film thicknesses that can be measured depend on the refractive
index contrast and the optical path of the particular layer stack. In certain refractive index contrast cases, the
thicknesses of even six layers can be measured simultaneously.

Both parts of refractive index can be measured independently of film thickness for both transparent
and semi-transparent films. The measurement of the refractive index of a film is performed with the Cauchy
and Lorenz models. The minimum thickness for the simultaneous measurement of the thickness and the
refractive index is 50nm for FR-tools operating in the UV/VIS range and 100nm for FR-tools operating in the
VIS/NIR spectral range.

The film Uniformity is measured in terms of film thickness variation over the probing area (circle with
typical diameter of 300-400um).

The Surface Roughness of the upper film is measured in terms of RMS over the probing area (circle
with typical diameter of 300-400um

The Colour of any surface is characterized and the standard parameters L*, a*, b* are calculated.

The standard Reflectance, Transmittance and Absorbance parameters of a coating are measured with
FR-tools. In the case of Reflectance, both specular and diffuse reflectance can be measured with the use of
the appropriate integration sphere. For the transmittance and absorbance measurements the samples are
mounted in the FR- Film/Cuvette holder and these parameters are measured within the whole spectral range
supported by the particular FR-tool.

In addition to single measurements, all the parameters above are also measured in real-time allowing
the monitoring of either slow or fast dynamic phenomena.
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REFLECTANCE MEASUREMENTS

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 1000um 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: 3.0 nm.
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Thin films (10nm- 100nm)
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Conventional films (100nm-1000nm)

 Fatonitr - Of- cu 2 ARequestetMycioi2

170 PEDOT PEDOT H20\ Thets messurements 20190729 reverse reflectance) (28] 110_Sms reverse.es2) - a8 x
Fie Bl View Acquilion Procesing Uliities  Hielp

Ev,ﬂ\,\\i.[ﬂ\“ RS DS B O @ A Tiﬂ § & RS A

otz
s [Referencespecum
Date:  [2013-07-28 140838
ipania Spsciram Time:  [748738
d Spectm Spectrum: 111
et —— »n
150—]
- omset  [pomass
£ R scale e
] Emor  [430195
5 [ [ssesz
S -
P 0 intearat: _0.00
g
] i
H 3
g ¥ noeenm
H B
G . , . , 213 Fuzed Siica
4000 1500 5000 5500 8000 -
‘Wavelength [nmj] =
Layes Stack | Viewp mtegua | Lag
Layers —
witorsity [0
# [Tpe | Category Material Est. Thick.(nm | Min, Thick. ()| Whas Thick. (v | # Stegs | Fit . Refum-'tlr\uJIEMR\ | addLaver I Rougress [
Load L i e
1[5 =Jmisc =i =T it infinte infnite o [ o |Rwbas = | ] w | ==
21 Dot
2|6 =lmisc =0 |7 s s 150 0 o kawome =l | _] I R —
3 (6 =] Glosses lrueasics  =|[ infmte infinee Infnite o o lmmow o ||| = o sk ||| e eney | Comuant
Layer © TRUST (1 ubown aver)
£ batein Database 47 WM 5c
W FMonitor - Of-i =ia Meirisia Date_ messuement) 72085 1000 sniirefestie_pasted helogenend) Lo | O

Fle ESt View Acqustion Prowssing Ullites Hel

EXAAMEAR B8O @ K msos ssoa 1[®|% A& AK

[Oftfina
Title
Dete.  [Wed Jul 20 121217 2015
012 [ —
= perimorial Spectum Time:  [3:00 000
itted Specium Spectum [17 21
g a1
Temperature Corlreer
Disabied
0.40
® Offset
H Scale
: Error
£ Integral:
0.08 £
H
2
&
i H .
|1 A
£ 12 PMA 850 (173 7 i)
e £ 3. Microscape siioe
5 —T T T T T T T T T T T g
4500 500.0 5500 600.0 650.0 700.0 2000 -
Wavelengh (nm] 3
pewpar | LaprStak | Waseingthe -Integral | RTheta Stage Control | Temaersture Carsrcl Lo
==, ‘ vty [T
[ Tyue] Cotegory | s st Tck, (en)| M Thick. )| e Thick ()| # Stegs] it R Reractive Indes] Edt Bl - Act 3y
[pre—
o =Twee  =ar G ointe 0 0 Rty = [l [ = E o
2o oeywen pason <@ mes  w o) e oemom =l [ el B R
36 =l tnsee | Wicroscope cide || ofnze  nfmite e o [ o mom | o | 5% | | ot Gy | Sonmamar
« m v =0  TRUST (1 wrbremneyen)
Fesdy G O S

PMMA -1000 rpm spin coating on microscope glass. PMMA film thickness: 173.7 nm

IGEEame S e e e e e e e e e B e e - e

Fie Eot View dcqustion Bocssng Uilites Fen

S AR B I NS mos s soa 1]n|%]Ela Ak

[Rea-ume:
Tita
Experimertal Spectum
04— ited SpecTum
03
s ) Offsst
£ 02— Seale
3 Error
2 Integral
01 £
4 5
3
00— =
w1 A
§2 5o (2984 om)
01—t ! | ! T v T T | v Fpsl
5000 5500 6000 6500 700 0 7500 6000 -
Wavelengih [om] 3
Jeupart | iaperstaa: mtaStaga Canra | Tempraturs Conerl | 19
e I T ] Customity [T
#| Tywe| Category Meteris! Est Thick. | Wim, Thick.| Max, Thick.| # Steps | Fit R1.| Refractive indes | Edit RJ. ResetR1| * I ks 0
16 e e =1 ifinte wteimte |0 0 RemDats = || = @
Vo tloeeies clow I meww  om o e o e | —— | [ vt et s
3|5 | semconducters =51 = e wtnie iete 0 0 Rewpas = Stk || Foune alayers eny) Contiums it
- [T ——)
[ e

SisN; on Si wafer. SizN4 film thickness: 266.4 nm

Copyright ThetaMetrisis 2022 13| Page



W FMoritor

fie Est View Acqustion Proesng Uilites Heo

SN M A BO @ N\ msos ssoa T[r[% A& &K

resict o glass_repestiARR_ 6200 on Siexd)

[OfFine
Tide:
Date:  [Wed Mar 13 17-16:58 2015
ME:periments! Spectrum Time |00 000
0a—] B Ftiad Spectrum spectum 174
A ]
a Temperature Conlrater
[Disabied
03—
o Offset
Seale
02— Error  [D 00
i Integral:_[21.85
0.1
00— o 1A
£ 12 ARP-£200_ol (3677 rm)
: , | - - ! | : | . | ! sl
5000 550.0 600D 850.0 7000 7500 000 -
Wavslength [nm]
newpart | apr Stck | Wmiengins -itegral | RLome Stage Control | Temperstuse Consot | 2
e ‘ ‘ e
| cotegery Metersi st Thick, | Min. Thick. M. Thick | # e P RL Refactve e £t 1. Reset R [ - - -
1nsc =l I st wiete o [0 b = i 3
btews lweoma <l mosw w0 Cocwn < 1| | f| o [ N—
3 semicondicton =i I e wiete timte & o ewnas = | | | o Gty | St
© TRUST (1 riranyer)
Ry )

AR-P 6200 on Si wafer. AR-P 6200 film thickness: 397.7 nm

Fe BN wew Acustin Meceiing Ue Hap

ZN MM R rsos BO @ & T(R|[% § & WS AKX

GaAs on Si wafer. GaAs film thickness: 545.8nm

# Favtonitr - Of- cu

2 A\FATV110321_FR-Bassc_UV-VIS [China]\Messurements\Reflectancel C.2.1 calibrated ssmples\C.21 5102, Si-it= 100ms.ex2)
Fie Edit View Acquistion Processing Ulities  Help

& N A Al B Rs 0s O @ a 7 R |[% W VNN

[Citine
0.0 —| Exparimental Spectrum
Fitled Spectrum
£
&
H

T T T T T
3000 4000 5000 6000 700.0 8000
Wavslength [nm]

—

e e o, Thick, o Wi, T fre] i Thick. o) | Seps [ 1 Teawn [ Ameen]

e v e S [ hte o [ o rmoms = | S

2o lowewcs  lsoruhem Tl mear w0 o0 s o jmome < | || T |

S —— =1 otwte e e 0 o RO = & =
o B El Eln r E RN ==
=

Ready

[Off-line
Title:  |Reference Spectrum
Date:  [2020-01-16 16:26:13
W Experimental Spectrum Tme:  [6:24.980
500 — MFited Spectrum Spectrum: (111
“e > w
A
Sy
450
A Offset:  10.0501162
b Scale;  0.887578
g Error. 186878
§ w0 R} [0.894862
= . Integral: [0.00
H
350
s
] :
=
00— 1. Air
o 2. Galls (5458 nm)
: . : g3
400.0 500.0 500.0 7000 800.0 800.0 -
Wavelength [nm]

Tale  [Refaranca Spectum

Dats:  bowgooigi23ss
Time: 03.500

Spectum:  [771

4 L

ofset.  [o00281373

Scale  [102642

Error 678

R poses
Integral  D.00

Air
§02 (herm) 96,7 nr)
i

& Han-near Least Squares
€ Fourier (3layers o) Continous Fit

 TRUST (1 urimoun layer)

CAP NUM 5CR

SiO; on Si wafer. SiO; film thickness: 696.7 nm

Copyright ThetaMetrisis 2022

14| Page



# FRMoritor - Ofi-line mede (C\Program Hiles! Theis
Fle ESt View Acqustion Proesing Uilites Hel

gx-mm'g‘dﬂ MO ® T\ Rs 08 s sp A T|T‘%§& 'y

ToTE Fressurerner e Deid L2015 resit mivroscape glssilUVS exd)

lengihs - tegul | RTheta Stage Control | Tempersture Cortrol | Log

iy [T
Mo e =t vt e e s |

T
1T ifite e it 0 P e | | =
“lu P mmm  we 1 [Weww < || & Sl —
= T
ke
=S

e[ i [

I bicrosccp.. =I[ white wimite e 0 [0 fawbas x| _]  Fouie (3layernerk)
© TRT (1urbrowntaver)

Fesay

=
=]

Dft-line
Title
Dato:  [Tue ar 17 19.26 43 2015
vperimental Spectrum Time  [0:00.000
0.12—| W Fitieq Specirum Spectum [773
1 M|
Temperaturs Controtar
Disabied
® Offset 96 4072
8
g Scale  [201275
g Emor  [oon290678
= Integral:_[0.00
e —| z
0.08 p
4 =
| 1A
o 47 e
| . , . , . , . , . 33 Bicraséapasi
5000 550.0 600.0 650.0 7000 750.0 2000 -
Wanlancth [m]

UV5 resist on microscope glass wafer. UV5 film thickness: 825.6 nm

FiMoritor cta Mol Dot essu st o gl
L

Fie ESt View Acquation Froeming Uilites Fep

SN A R 8O @ R rsosissoa T[R|% G &AL

Bitine
Tifle
Date: [Wed Mar 18 17.14 47 2015
xparimental Spactum Time:  [0.00000
=] MFitted Specirum Spactrum [1/3
M| [
Temperature Contrelar
Disabled
0.3 —
N g ofise Fii3ama
g Scale |1 01794
8 02— [=
k4 ror 00112459
K3 i Integral: [0.00
01
1 H
=
0.0— A
£ v (8264 )
T T T T T gt
50000 550.0 600.0 850.0 T00.0 750.0 3000 o
Warvelength [nm]
ey r——— ey
Layers. ‘ ‘ T unformty /”7
#[rvme] oo Mier £ Tick | i Trick | b Trice | igs 1 Aefracie s £ [t st e
TIT e e oze 8 [0 teebms = ]| = = el =
e o P e w1 Cecwm o | | o e | [ e
— R TS TS e T WA | — = |y ||
- Laver o TRIST (1 urkrown bsver)
Vet o e
. N . .
UV5 on Si wafer. UV5 film thickness: 826.4 nm
B Froritor e AR e o resa g as.sepeat 0. rom dinted on slicon Lox2) -8 =
M TR View Aqustion Wroeg Uiites Firg
EV A A O @ . RS D05 s 5D A TR % §F & A A
|Dr-line.
Title.

B C:perimentl Spactrum
L]

Fitiacl Spactrum

=
E
z
Qo T T T T
5000 550.0 600D 850.0 7000 7500 8000
waelensth (nm]
e [ ] [y [———m—
Loy
I untemty [0

i . ek, [ T e ] et o —
e ST e e hmte 0 T o B w e
2 Reis: =| a0 1m0 we s [ ecwew o || _| | [ r—

F —— € Fose Bior)

T (Lurironnleyer)

[ ioiite ite dofnte 0 [0 mowDate = _| | —
} Py

Waveienghs

3 Layers

Date: [WWed Mar 18 171247 2015
Time:  [3:00 000
Spectum: [173

L —
el »n]
Temperature Contreler
Disabled

Offset 376
Scale: 1
Error

Integral. [

At

p—

Fesdy

HSQ resist on microscope glass wafer. HSQ film thickness: 875.6 nm

Copyright ThetaMetrisis 2022

15| Page



Thick films (1um-10pum)

H #RMonitor - Real-time mode
e BBt View Acution Procesing Uit Hem

&N At R rsos gl @ & T r|%|[H & AR A&

Reaktime
Title
E
]
0.0 T T T T 3
4000 5000 8000 7000 8000 900 0 o
Wavelength [nm]
e e 10
-
v e
oo C tore Qloyesony) | ContruossF |
© TRUST {1 uknomn leyer) ‘
SiO; on Si wafer. SiO; film thickness: 1.01 um

e BBt View Adqution Processing Uiities Hew

EN MMt R BO @ Rss R A A A TR % S

[Cit-line:
e menal Specium
4 W =0 Spectum
0 —
Offset
04— 7 Scale
g / Error. [a0a71112
b 7| R agg7015
b 03 — Integral _[n 0o =
02—
= Ar
{2 Paren=C_. DP {10 um)
5.3 Stainless Stee!
T T 3
5000 6500 7000 7500 8000 -
Wavelength [nm]

Laperstack

e T uteer [
Vet Tl Thik (o Vi Tk (o) M. Tk (o) [+ Seps | i . | Rekacioe ] e .| Rese 2] P
0 1 ] wp

Infnite —Infn leite ) RawData =l _|

S z i 1 oiete 2l
owes 03 4 3 7| - .
el =l[" Infinite Infinite Infiite o 5 —=— nk‘

oM el

Parylene coating on Stainless Steel. Parylene C film thickness: 1.04 pm

' FAMonitor - Ofine mode (C\Usess\AQPA\Decktop ol um.ex2)

Fie Edit View Acquidtion Procewing  Utilities Help

SN At M RS Ds BO @ A T R|% F & N A A
orine

N e —
P R NI —

Tims:  [1215788
Specium "
A »n
2 omser  [poieszs
£ Scale  fpomiest
H Emor  [p57aseE
3 RA2: 0989985
E Integral. _[000
8
] 3
o[t E
(2 SiPorous (1.1 um)
1
o T T T T T T T L
s000 5200 5400 5600 5800 000 5200 5400 A
‘Wavelength (nm] E
Layer Stack. mort | Wan ath: tegral | Log
= r e
e Unormity [0
= [Tpe [ Category Material Est. Thick. (ar) | Min, Thick, um)| Max, Thick. (um) |  Steps [FitRl. Refractive Ind... Edit R, | Reset R.. | s Layer r =
. . Load e R
16 =lwmisc =l aar = ofinte infinte nfiite 0 "o Rawbw = _| | e stack || aigorstm
Deete -
2 6 =lsemiconductors =l siforows =7 1 us 1 0 Wwes = | | e | s ——
s ls Down save
3 |6 =l semiconductons xlsi = o Infinite [ 0 0 Rawba = _| _| T et | 53| [ o slayersonin) Contivous it
==l I  TRUST (1 urknavm layer)
it Material Database P MM SCL

Porous Si on Silicon wafer. Porous Si film thickness: 1.05 um

Copyright ThetaMetrisis 2022

16| Page



) Fiboritor - Oft-ine mode (€ Users\ AP\ Desbop 2 um.ex2) - 8 x

Fie Edit View Acquistion Processing Utilties Help

g\‘f\,‘lﬁ‘t‘j\,\“ Rs s B () @ A TLE f & LS A A

oz
e  [Rafencaspedm
Date: 2019-11-04 170229
0 Tims:  [255628
WErperimenial Spacium
EFtt=d Spectum Spacrws
i “ - S]]
00—} Offset
scale  [roaers
Enor 24348
r2 [pesssst
Intearat: _[0.00
100—| g
i ] 3
|1 B -
212 8iPerous (2.1 um)
0o T T T T T T T Aps
5000 5200 5400 5800 sa00 5000 200 8400 -
‘Wavelength [im] -
Lapes Stack 1 | Wavelengths - Integral | Log
- N R
e untormay [0
s e ooy preee e e Yy Pr— r-Tr——_ Ty Y sidtore - =
J J J Load o Ft
1[5 =lwise - I nfmte ot Infite o o mwowa = | _J " ===
| Delete -
2 6 =l semiconductors x| siPorous =|¥ 20s05 5 26 1 [ =l ] Layer = & Non-inear Least Soueres
3 [ =] Semiconductors =] =1 iteinfnte It 0 [0 Rawows =] ] = Contmar
3 [s miconductors =] 5 ate Infin nfnite aw Data _I leMI s ||| rournr Galaversco) sntrvious Bt
L  TRUST (1 urkmonn )
Ready 5 NuM ScRL

Porous Si on Silicon wafer. Porous Si film thickness: 2.05 um

H FRMonitor

e BBt View Acustion Processing Uit Hem

2 X AR msos @l @ a1l %I 8 N Ak

Real-time mode - g x

Reakime
Title
80.0—
] offset: [0
2 400 o
8 Scale
s Error
= 1 Integral: [0.00
-]
(707.39% 1 3
S
3|
0.0 T T ; . . H
4000 5000 6000 7000 8000 9000 ®
Wavelength [nm]

T T T Tk o ok o ok oy 25 PO e e R ] ey
A infeite Iniite ninite o [ 0 RawDets o w e &
2l 24621 20 = [T ] =  Non inear Losat Sauares. |
nteite o B u | € rourr Oleyersonyy | Comtroosrt |
TEOS on Si wafer. TEOS film thickness: 2.46 um
# FRMonitor - Off-line mode (C/\Users\AQ) A\ 3 Gl 521 exd) - -] x

Fie Edit View Acquistion Processing Utiities Help

[ A Al AR vs 0 8.0 @ A 1 [7][%] L&A &

Ofvine
Tite:  [Reterance spaceum
Date:  [1815:08-10 140018
Tme:  [006.358
spectum: [171
W ——— iy
= ofset  [p041543
3 e i .
L scale:  [08o083e
] Error 1563
H %2 ow
= integral._[0.00
B
3
5
2 3
o 1A
2 AZ 521 4E unbleached (2 5 um)
. . . . . 23 Microscape slide
sa00 5500 000 6500 7000 7500 8000 =
wiavelangih m] =
Loyt Stack | Viewpert | Wave gra
Layers
T I I Urifermity [0
* [ype | Category Material Est. Thick, (um) | Min, Thick. {um) | Ma. Thick. (um) [ # Steps | it B\ | Refractive Ind.. | Edit .. | Resed .. addLayer o
¢ = ~ = I = Load [ T Rousivess [0 =
16 =M i Infirite Infinite Infinite o 0 RawData | 1 w | o Stack || gt
2|6 =) Resises =| a2 52148 unles.. =] 7 2518 |25 35 w0 o couny = | ] o o= | T | Morinear st Sqares
3 |6 =) glesses | icroscopesie =) infinte | nfinite afinite 0 o Rt = | _| =] | 55k | | e Qo) | Comracnnr
Layer

" TRUST (1 uninosn layer)

Edit Material Database. AP NUM SCRL

AZ5214 on microscope glass. AZ5214 film thickness: 2.9 pm

Copyright ThetaMetrisis 2022

17 |Page



Film Metrology & More...

L]

Fle BBt View Acquition Prossing Uniites Hem

5\'/\\‘&-1/\} Rs 0s GL Il @ A T R|%|| 6| & KA & &

Reaktime
Title
.ﬁ. Offset: 0
b1 Scale
8 Eror 7845
& Intogral: [0.00°
s
o [TeAr
£ 5i02 (therm) (3.0 um)
0.0 T T u T i T g -
4000 5000 8000 7000 8000 900 0 o
Wavelength [nm]
e — - — e I wiomny [0
+ o [y o Tt o s, Tk o [ S R e o] i R ] o —
: 2 N sl | P ‘
(v ! o e |
SiO; on Si wafer. SiO; film thickness: 3.03 pum
' FRMonitor - Off-line mode (DA Zisis\Requests\ AUTEX [Toshyal\2017.06.22 DNPAOTA 8.2 Toshiya's measurenents\DNP_Parylene C on SUS304 vith S refpalyleneC_3um 1.6:2) - 4 X

Fle ESt View Acquition Processing Uiities Hew

SEX MMt RN BO O rsps R A A A TR % 8

(Oft-ine:
WM permental Spectrum
e P e So
i 03
3
/\/vv |
2z
1. Air
2 2. ParyleneC . DNP (4.1 um)
213 Staimless Ste=!
T T 3
6000 6500 7000 7500 8000 o
Wavelength Inm]
[Ferryp—p—————
proee
[ Tipe [caaory ] i Thick (o) Vi ik (om Mo Thick (o) 3 tepe | . | Refmcios ] e .| v abdiore
1]6 = Infinite il 0 T o Rwoata =l _] | » = b
7 a2 s © SESEETE | = b 1
[ infnteifinice Infite Bl B | B — oot | 5= || o Qoo | conmmnre|
it 7 TRUST (1 urknown layes)
Rty T

Parylene coating on Stainless Steel. Parylene C thickness: 4.11 um

8 FMoritor - Off-lime mode (€A ) 7 Moritor ; y for 3pp notes\PMMAA on microscope glass\ISOT2018PHAMAA,S0rpm B S USBAUI 272052 s x

Fde Edit View Acquistion Procewing Utidies Help

2 [ A s o MO @ A 1 [r|% B & KA A A

Ofine
e [Reference Spacium
Dae
Time:
Specum
4
_ omet [pomom
£ scals: 69
£ Emor  forass
£ A (EETE]
ki tegral_[0.00
£
4 £
A
§ g pln oy,
. ; ; . . £ Microscope siide
000 00 si00 5600 5800 -
viarsiangh (vl
Lapes - —
= [ Jcotgy o o o) i s () e i o [+t [ [hrcive o | [pmi ]~ v F oy —
16w 1T infinke  infinite Infirite o o Rewbes = | _| w | = =5 At
Il e
2 |6 =poymen MMA =@ 1 0 0 o mwom = | _| il T
316 ] e ~| Microscopeside =I[ infinte nfinte e 0 [0 Rewbes = | | wa Sok | | Farer (layemony) | CombrmaPi
Layer ™ TRUST (1 unknown layer)
Seilch 1o R e view 42 hum

PMMA on microscope glass substrate. PMMA thickness: 4.83 um

Copyright ThetaMetrisis 2022 18| Page



Hmet ' Film Metrology & More...

) Fiboritor - Of-ine mode (€ Users\ AP\ Desbop umec2) - 8 x
Fde il View Acquistion Procesing Utilies Help

E\‘f\,\li“‘j\,\"‘ Rs ps B () @ A TLE f & LS A A

o ine
e [Referencs Specim
Dals:  [2018-11-04 1708718
50 Time:  [121343
W Erperimenial Spacium Spectum 111
W F iz Specium
A »n
00—
8 omset

Seale e
150 —_/\/\/\ Ernor E
R 0949935

Integral.__[000

H
s _ =
50 A
- ———
T T T T T T T -
Wavelengtn (nm] =
Layers Uniformity |0
e e Mo ot Tk o] Wi ik, (e Wi ik )| e [ o ot .t .| et R radiaver  — T3
16 =lmisc =i =T i Infinite Infinite 0 [~ 0 RawDis = _ uw = =
5 i i i i W | Stack Algorithimn
7 6 =] Semiconductors =] 5iPorous | san 4 s 0[] | = = e ||| Mo et Scres
3 [6 = semicanducar: =l =T otntetetione e 0 o mwoms =l | 1| U mrm S0 ey | Gt
e T TRUST (1 unknown layer)
Porous Si on Silicon wafer. Porous Si film thickness: 5.71 pm
SN MMt N BO O RsDs R AN A A TR % G
(Oft-ine.
Tite.
Date:
Tims
<
Offset
= Scale:
? Error.
j':(; R%2:
= Integral. 000
o
H
=
01— 1. Ar
o o 12 PandensC. . DNP (6 7 um)
3. Stainless Stes!
T T v T T o
7000 7200 7400 7600 7800 8000 Lo
Wavelength fnm]
Lopes ‘ ‘ T I~ wfeemey [0
" =T iotte it intate o T o w B H ] w | A i Ly
=P awm s » o S BTEETE == b @ tenpesr et s 1
I Infaits o o R Bl & | = “m‘  Fours Glaysom) | Comtruossn |

© TRUST (1urknomn yer)

o s

Parylene coating on Stainless Steel. Parylene C thickness: 6.74 um

8 Ftortar- Of-ine mode (€ Uses\AGP A\ Deshop - Mondtar Missarementz FAT\ 110521 F-Basie UN-VIS[Chins]\Messurements| Reflectance\C.2.1 calbrted samples\C.21 SU8Si{10ur-ls 1007w re2.ex2)
Fie Edit View Acuistion Proseing Utities Hela

& N[ o[ fn]int AR RS s B0 @ A 1 r|[%f & A& A

[Cffine
Tals  [Referance Spectrum
Date: 2019-02-18 125216
we Experimantal Spactrum ;”"E e
Fitled Spectrum peciume: 171
My
00—
F B Offsat. 0037983
N Scale: [ 964578
B 200— Emer  fit32r
H ] R Dasoal
£ Integral. _[p.00
100 E‘
H
= 3
00— A,
18 (@ 7 um)
T T T S
6000 800 7000 7500 8000
Wavelength [am| 3
Lapee Stack | Viewprt | Wanelengths  Integral | Log
== Unforsity [
# [ Type [ Category Maresal Est. Thick. (um)| Min. Thick. fur)] Wa Thick. (um | # teps | Fit R | Refractive \naj dit 1. | Reset | i [RSORN [ vy .
16 =lmisc = I infnite infinte nfiite 0 0 Rwbata = _| _] w | fot || -agortm.
2 |6 =l Resises | |7 arem e 1 ) [0 Rawbata x| 5] .
3 |6 =) semicanductors =i A1 infnte infinte Infinite o o

— Layer & Nondinear Least Squares.
Do s
RowDota = || o S | | o ey | Contumar
=

© TRUST (1 unknown layer)

Edit Coniguration 46 NUM 5CF

SU-8 on Si wafer. SU-8 film thickness: 9.7 um
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Ultra Thick films (>100um)
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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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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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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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5 layers stack of ITO/polyimide/LC/polyimide/ITO on BK7 glass.

layers Thickness
BK7 Infinite

ITO 10 nm (fixed)
Polyimide 3064.2 nm
LC 691.3 nm
Polyimide 3147.0 nm
ITO 10 nm (fixed)
BK7 infinite

Copyright ThetaMetrisis 2022 28| Page



Hmet 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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TEOS on Si wafer. TEOS film thickness=626.1 nm
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Very Thick films (10um-100um)
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Multi-layer films
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MEASUREMENTS OF THE THICKNESS USING FOCUSING MODULE

Thin films (10nm- 100nm)
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MEASUREMENTS OF THE THICKNESS USING FR-uProbe
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COLOUR ANALYSIS

The colour of any surface can be characterized by FR-tools. The reflectance signal is processed by FR-
Monitor software and the standard colour parameters L*, a*, b* are calculated and converted to RGB as well.
In the following screenshots, the colour measurements of two surfaces coated with different paints are
presented.
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A series of colour measurements were performed for a wide range of paints. The L*, a*, b* values are
presented in the following table in comparison with the colour analysis of a Tintometer. Any small deviation
between the two instruments is own to the different method of measurement.

Tintometer
L* a* b*
89.65 -13.36 0.99 87.40 -14.66 1.27
37.72 -0.83 -3.82 35.22 0.67 -6.56

sample 3 56.6 8.12 -24.86 54.9 9.54 -25.14
sample 4 42.38 48.72 19.9 44.38 51.42 17.43

sample 1

92.97 -2.38 41.03 91.77 -2.29 43.19
85.64 0.53 74.06 87.53 1.29 75.14
80.66 0.64 47.01 80.99 1.72 48.02
sample 8 60.16  45.76 10.24 60.59 50.91 11.03
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REFRACTIVE INDEX CALCULATIONS

With FR-tools, the refractive index of a film is measured independently from the thickness of the film.
Both parts (real and imaginary) of the refractive index are calculated for transparent and semi-transparent
films by Cauchy, Lorentz and Sellmeier models. In the following figures, the experimental and fitted spectra
for SiO, and SisN4 films on Si are illustrated. In the first column, the film thickness is measured with the
refractive index values from the database and in the others columns the thickness and the refractive index
are calculated simultaneously. In all examined cases the calculated Cauchy, Lorentz and Sellmeier parameter
values, represent refractive index (both real and imaginary parts) values very close to the database ones.
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PRECISION, MEASUREMENT STABILITY

Thanks to the robust design and high quality of optical components FR-tools provide with
measurements with very high precision and measurement stability. In the following plots the precision and
measurement stability are illustrated for:

o) 1um thick thermal silicon dioxide film on Si wafer
o 265nm thick SisN4 layer deposited via LPCVD on Si wafer.

All measurements were performed during at an exhibition on a standard table without any precautions
on environmental light and temperature stability.
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Furthermore the long-term stability over a period of 15 sequential days was studied in the case of SiO;
layer on Si wafer. These measurements were acquired in a standard laboratory environment. In the following
figures the related stability results are presented for the SiO; layer. Similar results were recorded for the SizN,4
case.
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In the following table the results related to the mean thickness and standard deviations are listed.

SiO; on Si wafer

Mean value over 3 hours (typical) 1012.91-1013.00nm
Standard deviation of the mean value over 3 hours (max) 0.08nm
Mean value over 15 days 1012.95nm

Average of standard deviation of mean value over 15 days | 0.06nm

2*Standard-Deviation of daily average over 15 days 0.06nm
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ACCURACY

Film thickness calculation accuracy has been evaluated against independent measurements from
spectroscopic ellipsometry and electrical (capacitive) measurements. In both cases the accuracy was better
than 1nm. In the following screenshots the measurements from FR-tools and calibrated spectroscopic
ellipsometers are compared for SisNs and PMMA films on Si wafer. In both cases, the difference between the
two measurements is less than 0.5nm for nominal thicknesses of 577nm and 857nm respectively.
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Comparison study for thin SiO2 and SisN4 layers on Si wafer

Sample Ellipsometry FR-pOrtable
1 12.0nm 11.8nm
2 10.2nm 10.0nm
3 8.2nm 8.0nm
4 6.3nm 6.5nm
T1 50.0nm 50.1nm
T2 41.7nm 41.9nm
T3 30.5nm 30.6nm
T4 20.0nm 20.1nm
T5 15.9nm 16.1nm
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CHARACTERIZATION OF NON-UNIFORM FILMS

In certain cases, depending on the fabrication methodology, the film thickness is not uniform over
the probed area. This film thickness non-uniformity, reduces the amplitude of the interference. The
measurement of film thickness non-uniformity is illustrated in a wide range of representative cases in the

following screenshots.

In the first case, the non-uniformity of a commercial PET foil is investigated. The black curve is the
reflectance signal from a suspended thick PET foil. By assuming uniform film and applying the fitting
procedure, the PET foil thickness is calculated but the max-min amplitude is constant throughout the whole
spectral region. However, there are clearly beats at ~715nm and 850nm respectively. These beats are due to

foil thickness non-uniformity.
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Commercial uncoated PET foil thickness assuming a uniform film.
By applying the non-uniformity option in the FR-Monitor software the standard deviation of the foil
thickness distribution is calculated assuming Gaussian function. The results are illustrated in the following
figure. The foil thickness was measured to be 50.5microns and the standard deviation of foil thickness

uniformity found to be 710nm.
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Commercial uncoated PET foil thickness and uniformity distribution.
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The non-uniformity of a commercial cover glass is also investigated. By assuming uniform film and
applying the fitting procedure the cover glass thickness is calculated but a divergence between the fitting and
the experimental curve is observed at higher wavelengths. By applying the non-uniformity option in the FR-
Monitor software the standard deviation of the cover glass thickness distribution assuming Gaussian function
is calculated. The results are illustrated in the following figure. The cover glass thickness was measured to be
145.8 microns and the standard deviation of foil thickness uniformity found to be 151 nm.

Commercial cover glass thickness and uniformity distribution.

In the following screenshots, the characterization in terms of film thickness uniformity of thick SiO,
and SU-8 films on Si wafers is illustrated. In the case of the thermally grown SiO,, the non-uniformity is zero
and practically the film thickness is the same over the probed area (circle with diameter of ~ 350um). On the
other hand, in the case of SU-8 the film thickness non-uniformity increases with film thickness due to the
spin coating conditions.
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DYNAMIC REAL-TIME & POST-PROCESS MEASUREMENTS

FR-Monitor includes, amongst numerous features, the capability of real-time measurement. This
feature allows for the monitoring of dynamic phenomena and the storage of the reflectance spectra during
a process and subsequent off-line post-processing. Post processing feature is a very useful feature allowing
for extraction of important parameters without the pressure of fast dynamic phenomena. Furthermore FR-
Monitor provides the feature of producing video files for better demonstration of results.

In the following images, the screenshot of a polymeric film at the beginning of a thermal processing
is illustrated followed by screenshots of film thickness changes during the processing. The determination of
glass transition temperature of polymeric films through the real time monitoring of thickness and refractive

index of the film was conducted.
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In the following screenshots, the thickness evolution of a "soapy membrane" holding by a ring is

presenting. The "soapy layer" becomes thinner with time and after a certain time the layer breaks. The soapy

layer thickness evolution with time is also illustrated in the graph below.
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“Soapy membrane” thickness evolution with time. For the fitting the refractive index was considered to

be 1.33.
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MAPPING

For the fast and automated mapping of film thickness a dedicated FR-tool configuration (FR-Scanner)
is employed. In this case, fast and accurate measurement of film thickness and all other parameters on pre-
defined points over large areas is performed through a user-friendly GUI. In the following figures the mapping
of thick SU-8 spin coated on 3-inch Si wafer and SiO, thermally grown on 8-inch Si wafer are illustrated as
shown in the FR-monitor software.

[} - TSEA e S SRR A —
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Film thickness mapping of a polycrystalline SU-8 film thickness mapping on a 3inch Si
silicon layer deposited on a 8 inch Si wafer wafer

FR-Scanner scans the samples under test in very high speed by rotating the stage and by moving
linearly the optical head on top (polar scanning) and without bending of the reflection probe. The pattern
can be generated through FR-Monitor. For example, in the following image a pattern generated for 300mm
wafers can be shown, that includes 625points in (R,theta) positions. Each full scan over the 300 mm wafer,
lasts approximately 1min and 30sec.

Patterm generator X

Tnput

Agorithm: [Distance v
#poits: [ 625

Radus: [145

detar: [ 12 mm

Save Pattern...

2
H
I \L

Close

Left: FR-Monitor’s pattern generator utility. Right: Graph of the generated pattern showing the
sequence of the measurements performed (first measurement is on the center of the wafer).

For the calculation of the statistical parameters and the representation of the point distribution, some
points can be excluded according the statistics calculation parameters. These excluded points are considered
as “extreme” points, which can alter the statistics in the unwanted way, so the user can exclude them.

In the image bellow, the thickness mapping of the Si wafer coated with MIR703 coating is illustrated
taking into account the a) 0.2% and b) 0.1% as acceptance variation from the central value (median),
considering that the qualified points have a maximum difference of £0.2% and 0.1% accordingly to the
median thickness. The black areas illustrate the rejected points.
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TRANSMITTANCE MEASUREMENTS

With FR-tools, transmittance measurements of semi-transparent and transparent samples can be

performed as well as, of supported and un-supported (suspended) films.

If the absorption in the film and the substrate is very small or even negligible, film thickness may also
be determined from transmittance. Such measurements are shown below.

MEASUREMENT OF THE THICKNESS OF SUPPORTED FILMS
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PRECISION, MEASUREMENT STABILITY ON THICKNESS MEASUREMENT

Measurement stability has been tested for a 258.1nm TiO; thin film on BK7 glass. In the following
plots the precision and measurement stability are illustrated. All measurements were performed during at
an exhibition on a standard table without any precautions on environmental light and temperature stability.
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ACCURACY ON TRANSMITTANCE SIGNAL

Transmittance measurements of colour filters.

Transmittance measurements on #01 (Light Bastard Amber) and #04 (Medium Bastard Amber) colour
filters made by Rosco Laboratories were performed using a FR-pOrtable, operating in 370-1020nm spectral
range. Additional transmittance measurements were taken on both samples using a Perkin Elmer Lambda 40
spectrometer, a high precision table spectrometer. The obtained results were compared with the Spectral
Energy Distribution (SED) curves given by the manufacturer.

Results:

The measurements of transmittance (%) as a function of wavelength (nm) for colour filters #01 and
#04 are summarized in the following figures, left and right, respectively. It should be noted that the reference

values (Rosco Label) were obtained after digitization of manufacturer’s SED curves, in order to acquire data
that are more accurate.
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PRECICION, STABILITY ON TRANSMITTANCE SIGNAL

Stability over an hour

The stability of transmittance measurements (following figure— top) was tested by taking
measurements of a glass sample coated (named B10) with AR coating for one hour, with a rate of 1min. The
standard deviation (following figure - bottom) of the transmission values acquired for each pixel of the
spectrometer for each measurement, express the noise of the system, and was found to be 0.10%. High noise
values found only in wavelengths related with the high peaks of Deuterium lamp (e.g. 486nm, 656nm), which

can be avoided in case there is no requirement of measurements in the UV region, using an hybrid LED -
Halogen light source.
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Stability of 15 measurements over a second

Stability measurements were also performed for the condition of 15 measurements per second. The
examined sample was again a glass with AR coating by taking as reference a sample of the same glass without
the AR coating. The transmittance data and the standard deviation for each case are shown in the following

plots.
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DETERMNINATION OF SUBSTANCE CONCENTRATION IN SOLUTIONS

FR-pRo, offers a wide range of accessories to be used for numerous applications. For example, FR-pRo
is combined with the FR-Film/Cuvette holder operate as a standard spectrometer for the measurement of
the absorption of solutions in standard quartz/glass/plastic cuvettes. In the following graphs such
measurements in the VIS/NIR spectral range (recorded by an FR-pRoc VIS/NIR) are illustrated. Methyl orange
and Methylene blue aqueous solutions were examined.

Methyl orange is a pH indicator and has a pKa of 3.47 in water at 25°C. The absorption spectra as they
recorded through FR-Monitor are illustrated in the figure below for four different concentrations. As the
hydrogen ion is lost or gained there is a shift in the exact nature of the delocalisation in the molecule, and
that causes a shift in the wavelength of light absorbed resulting in a colour change. Dilution in deionized
water, where equal amounts of the red and yellow forms are present and so methyl orange looks orange,
doesn’t affect its initial chromophore. The examined concentration range, below 10M, is following the Beer-
Lambert Law where Absorbance is a linear function of the molar concentration (A=ebC). Thus, calculation of
the molar absorptivity (or molar absorption coefficient, €) of the examined chemical compound is attainable.
The measurements are performed at 507nm according to Sigma-Aldrich specifications and the results are in
good agreement with the literature.
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Methylene blue aqueous solutions show absorbance in visible region due to involving of m-n*and n-
T* transitions present in molecules. The concentration range is following the Beer-Lambert law where
Absorbance is a linear function of the molar concentration (A=ebC). Thus, calculation of the molar
absorptivity (or molar absorption coefficient, €) of the examined chemical compound is attainable. The

absorption measurements are performed at 668nm according to bibliography and the results are in very good
agreement with the literature.
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SPECIAL FEATURES

FR-Monitor includes a long database with >580 materials organized in various categories for easy
handling. User is able to further update the materials database by adding new materials. FR-Monitor has
been designed to facilitate the user and provides all the necessary functions in order to set-up the film stack
for the calculations. Furthermore, layers can be linked to each other in order to decrease the number of
fitting parameters. This feature is very useful in case of multilayer stack of repeating layers e.g. 1-D photonic
crystals.

FR-Monitor in addition to the measurement of thickness and optical characteristics of films allows
for the prediction of the optical properties of any stack of films. This way the user could predict the properties
of the stack he design and modify the properties of individual layers in order to meet the desired optical
characteristics

Certain functions such as signal scaling, optical dark correction are included as standard.

Optical properties from various samples of the same material can be analyzed in order to obtain
more accurate results.
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Appendix: Materials database (More than 580 materials are included)

DIELECTRICS
Al;O; Fe;0s Mg doped LiTaOs; SiON V205
Al,TiOs GeO, MgF SiO, VO,
BaF, GeO, MgO SrTiOs Y205
BaTiOs HfO, MnOs Ta,0s ZnO
CaCOs HfSiO4 Nb,Os TeO, Zr0,
CaF, InSbO NbN TEOS
CeO; InSe SizNa TiN
Cr,0s LinbOs Sio TiO,
Cu;0 LiTaOs congruent SiO; TiO2 b
Cuo Stoicﬂgﬁz - $i0, (therm) Tisi,
GLASSES
2155 HUEHIG BK7 CR-39 Fused Germania HOYA BAC4
fused silica
Ziggeiuerive G (e sl D263 Fused Silica HOYA BACD11
fused silica glass)
S iling CORNING 7059 FTO HOYA HOYA BACD14

fused silica
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HOYA BACD15 HOYA E-BAF8 HOYA E-FD8 HOYA FCD1B HOYA LAC12
HOYA BACD16 HOYA E-C3 HOYA E-FD80 HOYA FCD505 HOYA LAC13
HOYA BACD18 HOYA E-CF6 HOYA E-FDS1 HOYA FCD515 HOYA LAC14
HOYA BACD2 HOYA E-F1 HOYA E-FDS2 HOYA FCD600 HOYA LAC7
HOYA BACD4 HOYA E-F2 HOYA E-FDS3 HOYA FCD705 HOYA LAC8
HOYA BACDS5 HOYA E-F3 HOYA E-FEL1 HOYA FD110 HOYA LAC9
HOYA BACEDS HOYA E-F5 HOYA E-FEL2 HOYA FD140 HOYA LACL60
HOYA BAF10 HOYA E-F8 HOYA E-FEL6 HOYA FD225 HOYA LAF2
HOYA BAF11 HOYA E-FD1 HOYA E-FLS5 HOYA FD60 HOYA LAF3
HOYA BAFD7 HOYA E-FD10 HOYA E-FL6 HOYA FDS16-W HOYA LBC3N
HOYA BAFD8 HOYA E-FD13 HOYA E-LAF7 HOYA FDS18 HOYA M-BACD12
HOYA BSC7 HOYA E-FD15 HOYA FC5 HOYA FDS20-W HOYA M-BACD15
HOYA E-ADF10 HOYA E-FD2 HOYA FCD1 HOYA FDS24 HOYA M-BACD5N
HOYA E-ADF50 HOYA E-FD4 HOYA FCD10 HOYA FDS90 HOYA MC-NBF1
HOYA E-BACD10 HOYA E-FD5 HOYA FCD100 HOYA FF8 HOYA MC-TAF1
HOYA E-BACED20 HOYA E-FD7 HOYA FCD10A HOYA LAC10 HOYA M-FCD1
HOYA M-FCD500 HOYA M-TAC80 HOYA NBFD29 HOYA TAFD25 N-BK9
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HOYA M-FD80 | HOYA M-TAF101 | HOYA NBFD3 HOYA TAFD30 N-FK5
HOYA M-FDS2 | HOYA M-TAF105 | HOYA NBFD30 HOYA TAFD32 N-LAF2
HOYA M-FDS910 | HOYA M-TAF31 | HOYA NBFD32 HOYA TAFD33 SCHOTT BASF51
HOYA M-LAC130 | HOYA M-TAF401 HOYA PCD4 HOYA TAFD35 SCHOTT F2
HOYA M-LAC14 | HOYA M-TAFD305 | HOYA PCD40 HOYA TAFD37 SCHOTT F4
HOYA M-LAC8 | HOYA M-TAFD307 |  HOYA PCD51 HOYA TAFD40 SCHOTT F5
HOYA M-NBFD10 | HOYA M-TAFD405 |  HOYA TAC2 HOYA TAFD45 SCHOTT K10
Eg:gl';"(; HOYA M-TAFD51 HOYA TAC4 HOYA TAFDS55 SCHOTT K7
HOYA M-PCD4 HOYA NBF1 HOYA TAC6 HOYA TAFDSF SCHOTT KZFSN5
HOYA M-PCD51 | HOYA NBFD10 HOYA TACS HOYA TAFD5G SCHOTT LAFN7
'I;'CO[\)(:S'XE HOYA NBFD11 HOYA TAF1 HOYA TAFD65 SCHOTT LAK L12
HOYA MP-FDS1 | HOYA NBFD12 HOYA TAF2 LAFN7 SCHOTT LAK N13
O “;'g'LACS' HOYA NBFD13 HOYA TAF3 Microscope slide | SCHOTT LASFNG
HOYA MP-LAF81 | HOYA NBFD15 HOYA TAF4 N-BAF10 SCHOTT LF5
HOYA M-TAC60 | HOYA NBFD25 HOYA TAF5 N-BK10 SCHOTT LLF1
SCHOTT N-BAF10 | SCHOTT N-BAF4 Sodalime
SCHOTT N-BAF3 | SCHOTT N-BAF51 ZERODUR
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Ag

Au_Yakubovsky

Fe Ni Ta
(25nm)
Al Au_Yakubovsky Hg NiP Ti
(50nm)
Al_Lehmuskero Be Ir Pd \Y
Al _sopra Co Li Pt_palik w
Au_Johnson Cr Mo Rh Zn
Au-palik Cu Nb Stainless Steel
MISC
1,2-Dichlorethane 1-Propanol Air Ceelny SUBEET Diamond
(2-4nm)
1,4-Dioxane 4-Cyano-4* Alsi ccla DGR
pentylbiphenyl Like Carbon)
1,5-Pentadiol SPCH — Ligni Anthracene R PE s DNA - CTMA
Crystal perovskite
1-Butanol Acetone Anthracene b CH3NH3P_b|3 Ethanol
Perovskite
1-Pentanol Acetonitrile C Amorphous Cyclohexane Graphene
e = WAL ITO [75nm] MoS; ThFa (Thorium WO26Nos
hydroxyquinoline) tetrafluoride)
KCl (Potassium TiC (Titanium
Isoamyl Alcohol MoSe2 WO, sN
v Chloride) carbide) 28705
Isobutanol KDP NCI Toluene WO;

Copyright ThetaMetrisis 2022

6l|Page




Film Metrology & More...

ITO LC (Liquid Crystal) NED - WE - Witz ZnOAI
(NanoCrystalline carbide
ITO [15nm] Methanol PElz W= \{ar?adlum
(Tetrachloroethene) Nitride
ITO [25nm] MoOs PZT Water
ITO [50nm] MoOy RTC WO,.5No.9
POLYMERS
syl NAS-21 PDMS PHEMA Poly Acrylate
[Plexiglass]
PP
CD dye Optorez 1330 PE (Polyethylene) PHEMA-TPS (Polypropylene)
Cellulose PsHT PEDOT:PSS PI (Polyimide) PS (Polystyrene)
_ PS [2]
CYTOP Parylene C - Thick PEMA PLA (Polystyrene)
=P [ Efpiersy Parylene C - Thin PEN PMMA PTFE [AF1300]
Resist)

EPR x-linked Parylene D PET PMMA 495 PTFE [AF1601]
By e vy Parylene N PFHE PMMA 950 PTFE [AF2400]
acetate (EVA)

PC PVA
Gelatin PFN PNIPAM .
(Polycarbonate) (Polyvinyl alcohol)
PVA _ PVP . Styrene Styrene - Sylgard 184

(Polyvinylpyrrolidone) ¥ acrylonitrile (Silicon)

cured
Resists
APEX-E AR-N 7700 no AR-P 8100 AZ 1500 bleached AZ 6112
crosslinked
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AR 2600DUV ] ,7720 AR-PC 500 e AZ 6200 bleached
crosslinked unbleached
AR-BR5460 AN 77200 AR-PC 503 AZ 1518 AL(EANT
crosslinked unbleached
AR-N 2220 AR-P 1220 AR-PC 504 N b AZ 6210B
unbleached
AR-N 4240 exp AR-P 3100 AR-U 4000 exp AZ 2400 exp AZ 6270 DX
AR-N 4240 unexp AR-P 3210 AR-U 4000 unexp AZ 2400 unexp AZ 6600 bleached
AR-N 4340 exp AR-P 3540T AZ 111 exp AZ 3027 bleached ALEN
unbleached
AR-N 4340 unexp AR-P 3740 AZ 111 unexp e AZ 7209
unbleached
AR-N 4400 AR-P 5300 AL 2B AL AZ 7510
unbleached unbleached
AR-N 4600 AR-P 617 AZ 1350H exp AZ 4500 AZ 7700 bleached
AR-N 750 AR-P 6200 AZ 1350J exp AZ 4620 AL
unbleached
AR-N 7500 AR-P 631-679 AZ 1350J) unexp AEAVD AZ 9200 bleached
unbleached
AZ 5214E AZ 9200
AR-N 7520 AR-P 6510 AZ 1450
exp bleached unbleached
AR-N _7700 AR-P 7400 AZ 1450 unexp L B2 AZ Aquatar
crosslinked unbleached
AZ BARLi HD-8820 cured Kodak 809 unexp ma-N 490 exp mr-T 85
S 0L Dt Kodak 820 exp ma-N 490 unexp mr-UVCur06
bleached developed
A LA 7RO HPR-204 exp Kodak 820 unexp OTEHP 120158 mr-UVCur21
unbleached unexp
PRMRTB e | PR aumsp | Uik KeeRkdn e 122 Y mr-UVCur21SF
film resist exp unexp
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KTFR Kodak thin

AZ MiR 703 unexp HPR-206 exp . . MegaPosit SPR220 | mr-UVL 6000 exp
film resist unexp
AZ NOVA 2071 HPR-206 unexp LOR-A ML =S EULY
SPR3600 unexp
AZ P4110 InkOrmo hardbake LOR-B Microposit S1800 QALY
Dynachem
CE7000 o e M82_Medusa mr-DWL exp OrmoClad
hardbake
COP E.B exp IP3600- E ma-N 1400 exp mr-DWL unexp OrmoClear
COP unexp IP3600- UE ma-N 1400 unexp | mr-EBL 6000 exp OrmoComp
hardbake
EL 2015 Ultramac IP-Dip ma-N 2400 exp Ul AEEEEY e (19
unexp hardbake
EpoClad exp IP-G ma-N 2400 unexp mr-1 7000 OrmoCore
EpoClad unexp IP-L ma-N 405 exp mr-I1 8000 OrmoStamp
EpoCore exp IP-S ma-N 405 unexp mr-1 9000 M PermiNex 1000
EpoCore unexp KMPR 1000 ma-N 440 exp mr-l PMMA PermiNex 2000
GKRS Kodak 809 exp ma-N 440 unexp mr-NIL 6000 E PFIS8AS- E
PFIB8AS5- UE SPR2FX13JL SPR700 SU-8 Uv3DUV
PW1000T SPR2FX13JM SPR850 SU-8 3000 uv5
SiPOL SPR3000 SPR900 SU-8 Gersteltec UV5DUV
SML SPR3500 SPR950 SYSTEM8 UV6DUV
SPR2FX13 SPR500A SPR955-CM UV2HSDUV ZEP520A
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AIN AlAs_sopra GaAn INGaAso.24Po.76 RsB
Alo.099Gao.g01AS AlCu GaAs InGaAso.42Po.ss Si
Alg 135Gag 6ssAS AlGaAs GalnP InGaAsg.55P0.45 Si (100)
Alo.108Gao.502AS AlSb GaP InGaAso.s2Po.18 Si (110)
Al 419Gap ss1As As;Ses GaShb InP Si Amorphous
Alp 491Gap.500AS Bi.Ses; Ge InSb Si Poly
Alo56Gag.a1As Cds Ge Amorphous IZO amorphous Si Porous
Alo7Gao3As CdSe HqTe MgF2 SiC
Alo.804Gao.196AS CdTe InAs PbS ZnS
AlAs_palik cl65= InGaAs PbSe ZnSe
Cu[In(1x),Ga(x)]Se2
ZnTe
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www. thetametrisis.com

USA & CANADA: ThetaMetrisis LLC, 620 Price Avenue, Redwood City, CA 94063,
USA

Tel: +1-650 450 6235

EUROPE & ASIA: ThetaMetrisis S.A., Christou Lada 40, 12132 Athens, Greece
Tel: +30-213 0373544

E-mail: sales@thetametrisis.com
techsupport@thetametrisis.com

Visit us at: www.thetametrisis.com
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