Priloha c. 1 Kupni smlouvy

Minimalni technické pozadavky na HW a SW parametry sestavy a hodnoceni
- VZ Spektroskopicky elipsometr

Predmétem plnéni vetejné zakazky je dodavka pfistroje pro experimenty v oblasti kvantovych
technologii — spektroskopického elipsometru (SE), pracujiciho ve spektralnim oboru UV-VIS-NIR.
Potfizovany pfistroj musi tvofit uceleny a funkéni systém, ktery zajisti moznost méfit patiicné
fyzikalni jevy a musi se skladat minimalné z polozek, jejichz blizsi specifikace je uvedena v této
ptiloze.

Sestava se musi skladat (povinné soucasti sestavy) z Elipsometrickych jednotek (svételny zdroj s
polariza¢nimi prvky a detekéni jednotka s polarizaénimi prvky), Napajeciho zdroje, Vyhodnocovaci
jednotky, PC sestavy, Software, Baze s motorizovanym goniometrem.

Soucasti sestavy mtize byt dalsi prislusenstvi dle nabidky dodavatele, které je predmétem hodnoceni
(nepovinné soucdsti sestavy).

Parametry doddvaného spektroskopického elipsometru a funkcionalita ovlddaciho software musi
spliiovat vybrané minimalni pozadavky specifikované v ptiloze Minimalni pozadavky na HW
parametry sestavy (Bod A.1) a Minimalni pozadavky na SW parametry sestavy (Bod A.2). Pii splnéni
vSech nutnych podminek potom hodnoty vybranych parametri slouzi jako dalsi kritéria vybéru viz
tabulka Hodnotici kritéria (Bod B).

A.l Minimalni pozadavky na HW parametry sestavy:

Parametr Minimalni Nabidka UZR Kontrola
poZadovana hodnota i .
UZR doplni u
technickych parametr(
konkrétni nabizené
hodnoty
nebo
v pripadég, Ze nejsou
pozadovany konkrétni
hodnoty, uvede
ANO/NE
Konkrétni  nabizeny a yrobce - Spektroskopicky
spektroskopického eligsomgrpi; = Identlflrkace typua eIipS(l)Ometr M-2pOOO¥/ od
uEabEd J.A.Woollam Co., Inc.
Spektralni rozsah méfeni a rozlisSeni (FWHM) Rozsah 380 — 1000 nm 370 - 1000 nm
RozliSeni < 6 nm Rozliseni <5 nm
Elipsometr je mozné v budoucnu rozsifit do
blizké infracervené oblasti (NIR), a to alesponi VANO’, Vs A',\IO’
4o 1650 nm. uchaze¢ doplni rozsah Rozsititelné do 1690 nm
Cely spektralni rozsah je méfen jednou detekeni
jednotkou bez nutnosti vymeény detektoru ¢i ANO ANO
manudlniho pfepindni.
Systém umoziuje rychlé méfeni vzorku c-Si se
zaznamem celého spektra do 10 s pfi méfeni s ANO, ANO,
pozadovanou pfesnosti meéfenych dat. Rychlejsi <10s <5s
méfeni je predmétem hodnoceni.
Elipsometr méfi kompletni polarizacni stav
svétla ve vSech pozicich (i singularnich bodech A: ( OA"’\103,60 °) A (0@\103’60 )
dle fyzikalni definice) po interakci se vzorkem, ‘I’ (0°-90°) ‘P (0°-90°)
vcetné depolarizace a anizotropie. ) )




Je pozadovana metoda méteni s rotujicim nebo
fixnim kompenzatorem ¢i podobnou technikou

pro vysokou citlivost méfeni pro vSechny ANO,

polarizace. Musi byt zaru¢ena vysoka citlivost ANO, Mg¢éfeni s kontinualné

méfeni elipsometrickych parametrit v celém uchaze¢ doplni metodu rotujicim

oboru polariza¢nich stavil a v celém spektralnim kompenzatorem

oboru, tj. vCetné¢ singularnich bodd. Metoda

meéfeni bude predmétem hodnoceni.

Piesnost méfeni veli¢in Psi, Delta v pfimém

pruchodclcl vzduchem (,,stralg%lt—’ ANO., ANO.,

through“ konfigurace, kdy svazek prochazi aco o aco o
. o oA o Y=45°+0,15 ¥ =45°+£0,075

pouze vzduchem) min. ¥ =45°+ 0.15°A=0°+ A=0°+ 0.1° A=0°+ 0,05°

0.10°. Pfesnost meéfeni bude predmétem ’ ’

hodnoceni.

Elipsometr umozni méfeni Muellerovy matice

o e et | Ao

médu jako funkei vinové délky a pipadnd Ghlu I prvki MM I prvki MM

dopadu.

Soucasti sestavy je baze s motorizovanym

goniometrem Theta-2Theta v horizontalnim ANO, ANO,

uspofadani polohy vzorku. Rozsah goniometru
min. 45° - 90° s kontinualni moznosti zmény
uhlu, s pfesnosti nastaveni thlu lepsi nez £0,05°
a s opakovatelnosti nastaveni polohy < 0,005°.

Rozsah (45 °—90 °)
Presnost < 0,05 ©
Opakovatelnost < 0,005 °

Rozsah (45 °—90 °)
Piesnost < 0,02 °©
Opakovatelnost < 0,005 °

Drzak vzorku (stolek) umoziujici alespon
manualni nastaveni roviny vzorku (naklapéni v
roviné povrchu vzorku a posuv ve sméru
kolmém na povrch vzorku). Automatické
nastaveni polohy vzorku bude piedmétem
hodnoceni.

ANO

ANO

Piesné nastaveni polohy vzorku snimano
kvadrantovym detektorem nebo podobnym
systémem vyuZzivajici signalni svazek pro
snadné najustovani optimalni polohy vzorku a
nastaveni thlu dopadu s pfesnosti minimalné
0.005°

ANO,
<0,005°

ANO,
< 0,005 °

Systétm umoziuje pfipojeni fokusacnich
nastavcll pro méfeni se zmensenou stopou.
Dodani nastaved je pfedmétem hodnoceni.
Pfislusenstvi pro méteni v mikrobodu bude
snadno pfipojitelné ke stavajici konfiguraci
elipsometru a automaticky detekovatelné
v softwaru.

ANO

ANO

Moznost meéteni malych i velkych vzorkd,
rozsah velikosti:

alespont 5 mm — 200 mm

ANO,
<5 mm az 300 mm

Softwarové vybaveni pro fizeni a ovladani
piistroje, nastaveni parametri méteni, nacitani
dat i jejich naslednou analyzu vcetné jejich

zpracovani. V ramci dodavky jsou pozadovany ANO,

min. 4 licence SW pro jeho instalaci na dalSich ANO Software CompleteEASE
pocitacich z hlediska mozného zpracovani dat se 6+1 licencemi
nezavisle na meéfeni. Software bude po dobu (1 online, 6 offline)
zaruky upgradovan bezplatné. Software umozni

budouci vyménu PC a upgrade operacniho

systému.

Ridici pogita¢ s monitorem, potiebné manualy,

spojovaci kabely a pomilcky pro kalibraci ANO ANO

systému




A.2 Minimalni pozadavky na SW parametry sestavy:

dat: A, ¥, T, R, Eb, Er, Depolarizace, MM

Parametr Mmlmarl]gtj lr)]gf;ldovana Nabidka UZR Kontrola
UZR doplini u
technickych
parametr{
konkrétni
nabizené
hodnoty
nebo
v pfipadg, ze
nejsou
pozadovany
konkrétni
hodnoty, uvede
ANO/NE
Automatickou kontrolu méfeni, vcetné
méfeni pfi vice nez jednom uhlu dopadu, ANO ANO
méfeni v zdvislosti na Case
Zpracovani dat (W a A) zméfenych v
zavislosti na vlnové délce, thlu a dase:
V}'/po?et (nafitovani) tloustky a zavislosti ANO ANO
veli¢in n a k na vlnové délce; to vSe pro
kazdou =z wvrstev pokud je vzorek
multivrstvou
Implementaci gradientnich vrstev, materialt
tvofenych smési nékolika slozek v predem
neznamém poméru, povrchovych drsnych ANO ANO
vrstev, korekce plynouci z transparentniho
substratu
Vyhodnocovani  jednoos¢ 1 dvouosé
anlzotroplg o S absorpujiciml 1 ANO ANO
neabsorbujicimi materialy, uréovani
Eulerovych tihla
Fitovani pomoci B-Spline funkce ANO ANO
Parametrické modelovani s interaktivni
modelem obecného oscilatoru, umoznujici
llbqvolnou kombinaci rGznych modeld ANO ANO
oscilatoru (naptf. Gauss, Lorentz, Tauc-
Lorentz, harmonicky oscilator, Tauc-Cody, a
dalsi)
Modely pro vyhodnocovani distribuce
velikosti porti u poréznich vzorkil (zejména
anizotropni Bruggemannova a Lorentz- ANO ANO
Lorenzova aproximace efektivniho
prostiedni)
Komplexni aproximaci pro automatizované ANO ANO
hledani startovnich hodnot parametri
Moznost simultanniho fitovani riznych typt ANO ANO




Simultanni analyzu vicero vzorkl: moZnost
svazani parametri zruznych vzorkii a
riznych modelt pro redukovani korelace
parametra

ANO

ANO

Dostupnost rozsahlé databaze charakteristik
znamych materidll a moznost piidavani
vlastnich materialti do databaze.

ANO

ANO

Moznost zobecnénych elipsometrickych
méteni, jako naptfiklad vyhodnoceni
kompletni Jonesovy matice.

ANO

ANO

MoZnost generovani automatickych
mapovacich 1uloh a vyhodnoceni map
homogenity vrstev.

ANO

ANO




B. Kvalita nabizeného pInéni pro ucely hodnoceni:

Technické parametry

Vaha
parametr
u

Pozadovana
hodnota

Metoda méfeni s kontinualné rotujicim
kompenzatorem pro dosazeni vysoké
citlivosti méfeni ve vSech polarizacnich
stavech (v€. depolarizace), pii vysoké
rychlosti méteni.

25b.

ANO

Kontr
ola

ANO

PIné¢ motorizovana horizontalni  (XY)
translace vzorku s rozsahem alespoti 100 mm
x 100 mm se softwarovym zpracovanim map
elipsometrickych dat.

20 b.

ANO

ANO,
Rozsah 100 mm x
100 mm

Rychlost SE méteni se zaznamem celého
spektralniho rozsahu.

20 b.

<100 ms

~50 ms

Presnost méfeni v pfimém prichodu
vzduchem po dobu max 10 s, pti sejmuti
celého spektra (pro splnéni musi platit
alespon pro 95 % vinovych délek)

15b.

Y =45°+0.075
A=0°+0.05

Y=45°+0,075°
A=0°+ 0,05°

Automatické nastaveni vySkové polohy
vzorku (0sa Z) s rozsahem justaze alesponi 15
mm.

5b.

ANO

ANO,
18 mm

Alespon 6 offline licenci pro vyhodnocovani
elipsometrickych dat.

5b.

ANO

ANO

Konfigurace pro meéfeni s mikrofokusaci.
Velikost stopy na vzorku po fokusaci < 300
pm.

5b.

ANO

ANO

Odnimatelny drzédk vzorku pro méfeni
V transmisnim  rezimu s upindanim  ve
vertikalni poloze vzorku.

3b.

ANO

NE

Poukaz na online kurz vyhodnocovani
elipsometrickych dat v rozsahu min. 8 hodin

2b.

ANO

ANO




Technicky popis zarizeni:

Jedna se o spektralni elipsometr s variabilnim uhlem méfeni, model M2000 od svétové
firmy J.A. Woollam. Nabizeny systtm ma mnohostranné pouziti a je idealnim
nastrojem pro studium vilastnosti vétSiny materiall, je vhodny pro vyzkum
nanostruktur, povrchd a tenkych vrstev, detekovani povrchovych fazovych pfechodd,
méfeni koncentraci volnych nositeld naboju, molekularnich vazeb, zajistuje moznost
vyzkumu pasové struktury (v€etné kritickych bodu), mozZnost nedestruktivniho
vyzkumu profilu indexu lomu v super-tenkych vrstvach, vyzkum biomateriall a
biopovrchi a dalSi aplikace. Elipsometr umozni automaticka méfeni pfi proménném
Uhlu dopadu, pfesné a snadné nastaveni roviny vzorku a uhlu dopadu, méfeni malych
vzorkd, rychlé méfeni spekter v rozsahu jednotek az desitky sekund.

Technické parametry zarizeni:

Elipsometricka cast systému:

1. Spektralni rozsah méfeni: 370 — 1000 nm pfi spektralnim vzorkovani 1,6 nm
(odpovida rozliSeni ~ 5 nm)

2. Spektralni detekce je na bazi multikanalového CCD detektoru pro rychly zaznam
celého spektra v jednom okamziku (390 kanal()

3. Systém umozni rychlé méFeni — pro c-Si vzorek doba méfeni kompletnich spekter
vSech komponent Muellerovy matice maximalné do jednotek sekund, jedna se o
spektralni elipsometr s rotujicim kompenzatorem a CCD detekénim ¢&lenem na
vystupu, kdy je celé spektrum zaznamenano v jediném okamziku. Rychlost méfeni
je zde dana rotaci kompenzatoru, coz zarucuje rychlost méfreni v rozsahu 1-5 s
(pfi optimalnim pomeéru signal/Sum). Minimalni ¢as pro zaznam celého spektra pro
dynamicka méreni je cca 0,05 s.

4. Elipsometr umoznuje souCasné méfeni elipsometrickych dat vSech polarizacnich
stavl (Psi a Delta) ve vSech pozicich (i singularnich bodech dle fyzikalni definice)
po interakci se vzorkem vcetné depolarizace, obecné elipsometrie (anizotropie) a
mé&fi Muellerovu matici (11 prvkd MM) v celém oboru polarizaénich stavi v
reflexnim i transmisnim modu jako funkci vinové délky a uhlu dopadu.

5. Jedna se o modulacni metodu PCSA (Polarizer-Compesator-Sample-Analyzer)
s kontinualné rotujicim kompenzatorem. Dana konfigurace zajiStuje vysokou
citlivost méfeni v celém oboru polarizaCnich stavli a v celém spektralnim oboru:
rotujici kompenzator optimalizuje citlivost pro vSechny polarizace, tedy i pro
linearni polarizaci (Delta = 0° nebo 180°). Bez tohoto neni mozné méfit singularni
body (napf. sklo nebo sklo s tenkou vrstvou, nebo Si wafer), pfitom je Delta
parametrem dualezitym pro méreni velmi tenkych vrstev. Méfi Delta v celém
rozsahu 0-360°, coz dovoluje separaci mezi pravotocivou ¢i levoto€ivou polarizaci
substrat Ci vy8Si index lomu vrstvy oproti substratu), eliminuje singularni body u
Psi. Diky rotaci kompenzatoru je zaruCené pfesné méreni Psi a Delta v celém



rozsahu. Pfinosem je také vysoka pfesnost pfi méfeni depolarizace, pfi obecné
elipsometrii (anizotropii), pro Muellerovu matici riznych uhld dopadu.

Pfesnost méfeni veli¢in Psi a Delta v pfimém pruchodu vzduchem (,straight-
through“ konfigurace), svazek prochazi pouze vzduchem:

- Psi =45° £ 0.075°
- Delta = 0° £ 0.05°
Tyto hodnoty jsou dosti konzervativni a pfistrojem lze dosahnout i lepSich hodnot.
Méreni probiha pfi pramérovani po dobu 10 s maximalné, pfi sejmuti celého

spektra (s po¢tem minimalné 475 vinovych délek). Dané hodnoty Ize demonstrovat
v prubéhu instalace a prokazat tak kvalitu pfistroje.

Elipsometr méfi 11 prvkd normované Muellerovy matice v celém oboru
polariza¢nich stavu v reflexnim i transmisnim maodu jako funkci vinové délky a uhlu
dopadu

Elipsometr méfi depolarizaci a anizotropii vzorku

Je zde moznost méfeni reflexni i transmisni elipsometrie, elipsometr nabizi
horizontalni uspofadani s goniometrem Theta-2Theta, pro transmisni méfeni Ize
zakoupit vramci pfisluSenstvi nastavec s variabilnim uhlem nastaveni pro
plnohodnotné méfeni v transmisnim maodu.

s v s

Parametry mechanické casti systému:

1.

Jedna se o elipsometr s variabilnim dhlem méfeni, uhel dopadu je pIné
automaticky nastavitelny, a to v rozsahu 45°- 90° a s presnosti nastaveni lepsi nez
0,02°. Jinak jde o klasicky goniometr Theta-2Theta, goniometr je motoricky
stavitelny.

Pro zajisténi pfesné polohy a najustovani vzorku slouzi kvadrantovy detektor.
Pfesna poloha vzorku je zajisSténa jeho justazi — naklapénim v x-y a posuvem v ose
z. Pro pfesné nastaveni polohy slouZi integrovany kvadrantovy detektor s citlivosti
0,001°, ktery je umistén v optické draze. Tato metoda zajisti tedy presnost polohy
vzdy, na rozdil od metody, kdy se vklada separatni jednotka autokolimatoru.
Vkladanim a vyjimanim autokolimatoru neni totiz zajiSténa presna poloha, a navic,
pokud je jednotka autokolimatoru rozjustovana sama o sobé, dojde k nepfesnému
nastaveni polohy. PouZiti kvadrantového detektoru je velmi jednoducha a presna
metoda diky softwarovému zobrazeni na displeji. Je umistén pfimo na rameni
goniometru a je jeho soucasti (nejde o odnimatelny prvek), takze garantuje vzdy
spravnou polohu vzorku.

Drzak vzorku (stolek) umoznujici nastaveni polohy vzorku (naklapéni v roviné
povrchu vzorku a posun ve sméru kolmém na povrch vzorku) je soucasti sestavy,
pujde o stolek s motorizovanym posuvem a ru¢nim naklapénim.

Vlastni nastaveni pozice vzorku a optimalizace jeho polohy pro vlastni méfeni je
dano jeho naklapénim a posuvem v ose z

Systém je vybaven motorizovanym XY translacnim stolkem, minimalni krok
posunu je 2,5 ym.

Sestava nabizi moznost méfreni malych i velkych vzorkll v rozsahu minimainé
od 5 mm do 300 mm



Software

Softwaroveé vybaveni zajiStuje fizeni a ovladani pfistroje, nastaveni parametri méfeni,
nacitani dat i jejich naslednou analyzu vCetné jejich zpracovani. Je v€etné didaktického
layoutu usnadnuijici praci laickému uzivateli. Dany software nabizi celou Skalu modell
a pristupl pro transmisni i reflexni elipsometricka data, moznosti jejich analyzy, jde o
komplexni a vykonny nastroj v oblasti elipsometrickych méreni. Uzivateli umoznuje
vyuzit nejen dostupné modely, ale také vytvoreni vlastnich modeld na zakladé
uzivatelem definovanych vrstev a jejich disperzni zavislosti.

Softwarové vybaveni umoznuje méfeni transmisnich a reflexnich spekter, uhlové
zavislosti intensity rozptylu svétla, depolarizace a optické anizotropie (s libovolnou
orientaci optickych os), Ize urCovat drsnosti povrchl a rozhrani, Ize provadét méfeni
prubéhu optickych konstant a fadu dalSich vlastnosti. VSe je podrobné uvedeno
v popisu softwaru dale. Software zajisti zpracovani elipsometrickych spekter (v€etné
prvku Muellerovy matice) spolu s méfenim intenzity spekter v reflexnim a transmisnim
modu.

Dany systém umozni:

- automatickou kontrolu méfeni, v€etné méfeni pfi vice nez jednom uhlu, méfeni v
zavislosti na Case, méreni nejméné 11 prvkd Muellerovy matice, méfeni depolarizace
- zpracovani dat (Psi a Delta) zméfenych v zavislosti na vinové délce, uhlu a Case:
vypocet (nafitovani) zavislosti veli¢éin n a k na vinové délce a tloustky; to vSe pro
kazdou z vrstev, pokud je vzorek multivrstvou

implementaci gradientnich vrstev, materialt tvofenych smési nékolika slozek v pfedem
neznamém pomeéru, povrchovych drsnych vrstev, korekce plynouci z transparentniho
substratu, “multiple sample analysis*

- dostupnost rozsahlé databaze disperznich oscilacnich modell vcéetné Cauchy,
"classical" absorption (Drude, Lorentz), Tauc-Lorentz, Cody-Lorentz (Tauc-Lorentz-
Urbach), “Gaussian absorption“ oscilatory; fitovani vSech parametri podle téchto
modeld;

- dostupnost rozsahlé databaze charakteristik znamych materialt

- kombinace vSeho vysSe uvedeného v jednom optickém modelu a mnoho dalSich
funkci

Dodatec¢né licence: V ramci nabizeného systému bude dodano celkem 5 licenci pro
sw CompletEASE. Pfidavné licence na software Ize vyuZzit pro jeho instalaci na dalSich
pocitacich z hlediska mozného zpracovani dat nezavisle na méfeni.

Detailni popis softwaru CompleteEASE

Software CompleteEASE nabizi celou $kalu modelu a pfistupl pro transmisni i reflexni
elipsometricka data, mozZnosti jejich analyzy, jde o komplexni a vykonny nastroj
v oblasti elipsometrickych méfeni. Uzivateli umoznuje vyuzit nejen dostupné modely,
ale také vytvoreni vlastnich modell na zakladé uzivatelem definovanych vrstev a jejich
disperzni zavislosti. Pét licenci na sw CompleteEASE bude soucasti dodavky. Uzivatel
ho bude moci vyuZzit at’ uz pro vlastni méfeni nebo separatné na dalSim PC pro analyzu
a vyhodnoceni naméfenych dat.

Software umozniuje plnohodnotné nacitani dat v riznych rezimech:
- standardni parametry elipsometrie Psi a Delta v reflexnim €i transmisnim modu jako
funkci vinové délky a uhlu dopadu a €asu



- staticka data (ex situ méfeni), dynamicka data (in situ aplikace jako rist vrstev,
depozice, leptani, atd.)

- Jonesovu matici v reflexnim i transmisnim modu jako funkci vinové délky a uhlu
dopadu

- Muellerovu matici v reflexnim i transmisnim mddu jako funkci vinové délky a uhlu
dopadu

- ATR méfeni jako funkci vinové délky a uhlu dopadu

- depolarizaCni méfeni jako funkci vinové délky a uhlu dopadu

- méfeni intenzity prostupu €i odrazu jako funkci vinové délky a uhlu dopadu a ¢asu

- méfeni anizotropnich materiall jako funkci vinové délky a uhlu dopadu a ¢asu

- moznost provadét korekce pro pfipad méfeni vrstev na transparentnim substratu,
opacné méfeni vrstvy ze strany pruhledného substratu atd.

- moznost externiho fizeni elipsometru pfes jiné zafizeni, jehoz soucasti elipsometr
je

Software zahrnuje funkce pro kompletni analyzu ziskanych dat:

- vyhodnoceni anizotropie opticky jednoosych i dvouosych materialt s absorpci €i bez,
uréeni Eulerova uhlu

- parametrické modelovani s interaktivnimi modely, které dovoluje kombinovat rizné
druhy oscilatord snadnym ovladanim pfes mys, jako napf. Gauss, Lorentz, Tauc-
Lorentz, Tauc-Cody atd., dostupné modely jsou uvedeny podrobné dale

- komplexni aproximaci pro automatizované hledani startovnich hodnot parametr(

- analyzu pro zadni zpétnou reflexi

- analyzu pro méfeni z opacné strany

- moznost stanoveni tloustky méreného vzorku

- analyzu pro ATR konfiguraci

- statistické vyhodnoceni

- paralelni aproximaci ruznych parametrd: psi, delta, odrazivost, propustnost,
depolarizaci, Muellerovu matici riznych uhli dopadu...

- vicenasobnou analyzu vzorku pfi sou¢asném uziti riznych modell na rizna méfreni
nékolika vzorku

- povrchy tekutych krystal(

- cela fada dalSich funkci jako spojovani nékolika parametri (napf. tloustka 1 =
tloustka 2 + konstanta atd.), minimalni ¢i maximalni meze parametru, specifické fitace,
vlivy nerovnomérnosti tloustky vrstvy nebo zpétnych odrazu, rust vrstev pfi in-situ
méfenich, eliminace vlivu okének, teplotnich &i kapalinovych cel atd.

Dostupné modely:

- jednoducha vrstva — s absorpci nebo bez absorpce

- vicevrstva struktura — pouziti teorie EMA, 2-3 slozky dle EMA, Bruggemam nebo
Maxwell-Garnett

- uzivatelem definovana vrstva — definovana disperzni zavislost

- stupfované kompozitni vrstvy — zména kompozitu jako funkce hloubky

- strukturované vrstvy

- vicevrstva struktura na predni i zadni ¢asti substratu — jedné nebo druhé ¢asti nebo
obou

- povrchové drsné struktury — pouziti teorie EMA

- meziplosné drsné struktury — pouziti teorie EMA

- slitinové materialy typu AlyGaj.xAs, HgxCd1._xTe, SixGeq.x, SiOXNy, atd.

- vrstvy s nerovnomeérnou tloustkou — Ize aplikovat na véechny uvedené modely

- mfizkové struktury — kombinace opakovaného poctu vySe uvedenych vrstev



- anizotropni vrstvy a materialy s orientovanou optickou osou: kolmo na povrch vzorku,
v roviné vzorku (zde jsou moznosti typu kolmo na rovinu dopadu, paralelné s rovinou
dopadu nebo v libovolném uhlu k roviné dopadu), pfipadné v libovolném uhlu k roviné
dopadu pfi obecné orientované optickeé ose.

- povrchy tekutych krystall

- analyza mnohocetnych vzorkl — fitace optické konstanty materialu mnohocetnych
vzorkl se stejnymi vrstvami rozdilné tloustky.

Fitace parametr:.
- jednovrstvé struktury: tloustka, index lomu, koef. extinkce
- vicevrstvé struktury: tloustka, index lomu, koef. extinkce
- disperzni modely pro pfislusné materialy
- obecné oscilaéni modely pro kombinaci riznych typl oscilace:
= Amorfni dielektrika / polovodi¢e (a-Si, SION, Si3N4.), kovy (Al, Ti, Ta, Au,.),
databaze vice nez 550 materiald délena na dielektrika, kovy, polovodiCe a
specialni materialy.
= Cauchy: standardni Cauchy s Urbach absorpci
= Sellmeier & Pole oscilator
= ¢l Offset
Lorentz oscilator
Tanguy oscilator
lonicl & Inonic2: absorpce fotonu
TOLO: faktorizovany model pro absorpci fotonu
Drude, rho-tau Drude & N-mu Drude: nulova rezonanéni energie Lorentz
oscilatoru
Tauc-Lorentz & Egap Tauc-Lorentz: Tauc-Lorentz modely pro amorfni materialy
Harmonické oscilatory
Gaussian absorpcni model
Gauss-Lorentz: Gaussian-Lorentz absorpéni kombinacni model
GLAD: Gaussian-Lorentz Asymmetric Doublet oscilator
Psemi-EO: parameterized semiconductor oscilator
CPPB: Critical Point Parabolic Band oscilator pro polovodice
CPMO, CPM1, CPM2 & CPMS3: Adachi model pro kritické body funkce MO, M1,
M2, & M3
Cody-Lorentz oscilator
Lorentz-PB & Lorentz-LB oscilator
Krystalické polovodice
uzivatelem definovany disperzni model
intuitivni grafické zobrazeni hodnot na zakladé hodnot vstupnich parametrt
moznost fitovat disperzni model na referenéni material
stupnovani: nékolik stuprfiovanych vrstev
funkce pro nerovhomérnou tloustku vrstvy
statistické vyhodnoceni: méfeni odchylky, vahy, parametru korelace, 90%
splnéni limitu atd.
» Fada dalSich moznosti, jako EMA funkce (Bruggemam, Maxwell-Garnett) do 3
slozek
- stupfiované kompozitni vrstvy: tloustka, profil vs. hloubka (linearni, triangularni,
sinusoidalni, libovolné uzivatelem definovany, stupriovany, ...)
- povrchové drsné struktury: tloustka, prosty pomér
- meziplosSné drsné struktury: tloustka, pomér slozek
- slitinové materialy: tloustka, pomér slozek



- anizotropni vrstvy: tloustka, n a k v roviné dopadu, mimo rovinu dopadu, v libovolné
pozici k roviné dopadu, Eulerv uhel

- teplota

- nerovhomeérnost tloustky

- Uhel dopadu

- vliv zpétnych odrazu u transparentnich material

Kromé toho sw nabizi pokroCilé funkce vramci fitace jako spojovani nékolika
parametrd (napf. tloustka 1 = tloustka 2 + konstanta atd.), minimalni ¢i maximalni
meze parametrl, specifické fitace, vlivy nerovnomérnosti tloustky vrstvy nebo
zpétnych odrazq, rust vrstev pfi in-situ méfenich atd.

Prednosti nabizené sestavy:

Metoda s rotujicim kompenzatorem: optimalizuje citlivost pro vSechny stavy
polarizace, tedy i pro linearni polarizaci (Delta = 0°nebo 180°), bez tohoto neni
mozné méfit singularni body (napf. sklo nebo sklo s tenkou vrstvou, nebo Si wafer),
pfitom je Delta parametrem dualezitym pro méfeni velmi tenkych vrstev. Méfi Delta
v celém rozsahu 0-360°, coz dovoluje separaci mezi pravotoCivou €i levotoCivou
polarizaci, eliminuje singularni body u Psi. Diky tomu je zaru€ené presné méreni
Psi a Delta v celém rozsahu. Pfinosem je také vysoka pfesnost pfi méfeni
depolarizace, pfi obecné elipsometrii, pro Muellerovu matici riznych uhlu dopadu.

CCD detektor pro UV-VIS oblast: ma mnohem lepSi dynamicky rozsah nez
diodova rada, vétsi citlivost, dokaze rozlisit 500 vinovych délek s rozliSenim 1,6 nm
v UV/VIS. Zajistuje vysokou rychlost méfeni 1-5 s.

Goniometr pro zménu uhlu dopadu: goniometr zaru€uje prfesné polohovani a
synchronizaci obou ramen soucasné a tim je zajiStuje vysokou opakovatelnost a
prfesnost nastaveni uhlu dopadu.

Integrovany kvadrantovy detektor pro pfesné nastaveni polohy vzorku (naklapéni
V X-y a posuv Vv ose z) s citlivosti 0,001° Uhlu dopadu. Velmi jednoducha a presna
metoda diky softwarovému zobrazeni na displeji. Je umistén pfimo na rameni
goniometru a je jeho soucasti (nejde o odnimatelny prvek), takze garantuje vzdy
spravnou polohu vzorku.

Modularni systém: spocCiva ve velmi Siroké nabidce konfiguraci a dalSiho
pfisluSenstvi.

Siroka Skala moznosti méfeni: od obecnych elipsometrickych méfeni, az po
anisotropii, méfeni depolarizace atd.

Ovéreny produkt — v oblasti elipsometrickych aplikaci je znacka Woollam
povazovana za méfici standard. Firma Woollam ma Sirokou zakladnu zakaznik
v prumyslu i védé a stovky instalaci. Systém je tedy odzkouSeny trhem a lze
garantovat, ze 100 % splni pozadavky této aplikace. Nase reference jsou uvedeny
dale v textu.

Viastni CompleteEASE software pro nacitani dat i jejich naslednou analyzu.
Software nabizi celou Skalu modeld a pfistupd pro transmisni i reflexni
elipsometricka data, moznosti jejich analyzy, jde o komplexni a vykonny nastroj
v oblasti elipsometrickych méfeni. Software je neustale zdokonalovan s ohledem na
zpétnou vazbu od zakaznikl a s ohledem na pozadavky trhu.



Firma QD-Europe obecné nabizi také zakaznicka Skoleni u nich v aplikacni laboratofi.
Jde o detailni proSkoleni v pouzivani softwaru, praktické ukazky, pouziti sw
v zakladnich i pokroc€ilych aplikacich, a to u nich v aplika¢ni laboratofi v Darmstadtu
na realném systému. Toto je vhodné proveést po poCateCnim pouzivani elipsometru a
seznameni se obsluhy se softwarem, kdy se nasbiraji zakladni poznatky o funkcich
softwaru a je mozné pfistoupit k pokroCilym aplikacim ve smyslu definovani modelu,
pouziti fitace atd. DalSi moZnou nabidkou je navstéva nékterého seminare s oficialnim
Skolenim na software.

Reference:

Firma OptiXs, s.r.o. je zastupcem vyrobce spektralniho elipsometru VASE, firmy
J.A.\Woollam, Co (prostfednictvim evropské centraly pro prodej a servis — firmy QD-
Europe GmbH).

V Ceské a Slovenské republice bylo instalovano celkem pres 20 spektralnich
elipsometru firmy Woollam:

- VUV-VASE eliposmetr s kryostatem (Dr. Dejneka, Fyzikalni ustav AVCR, Na
Slovance 2, 182 21 Praha 8)

- DUV-VASE elipsometr s kryostatem (Dr. Dejneka, Fyzikalni ustav AVCR, Na
Slovance 2, 182 21 Praha 8)

- DUV-VASE elipsometr (Dr. Mistrik, Univerzita Pardubice, Studentska 84, 532 10
Pardubice)

- DUV-VASE elipsometr (Dr. Dubroka, Prirodovédecka fakulta Masarykovy
Univerzity, Kotlarska 2, 611 37 Brno)

- VASE elipsometr (Prof. Wagner, Univerzita Pardubice, Nam. Cs. Legii 565, 532 10
Pardubice)

- VASE elipsometr (Doc. Rushak, ZapadocCeska univerzita v Plzni, Univerzitni 22,
306 14 Plzen)

- VASE elipsometr (Dr. Némec, Univerzita Pardubice, Studentska 84, 532 10
Pardubice)

- IR-VASE elipsometr (Dr. Némec, Univerzita Pardubice, Studentska 84, 532 10
Pardubice)

- IR-VASE elipsometr (Dr. Franta, Pfirodovédecka fakulta Masarykovy Univerzity,
Kotlarska 2, 611 37 Brno)

- IR-VASE elipsometr (Dr. Dubroka, Pfirodovédecka fakulta Masarykovy Univerzity,
Kotlarska 2, 611 37 Brno)

- IR-VASE elipsometr (Dr. Lan&ok, Fyzikalni ustav AVCR, Na Slovance 2, 182 21
Praha 8)

- M2000-DI elipsometr pro ex-situ a in-situ (Prof. Biederman, MFF UK,

V HoleSovi¢kach 2, Praha 8, 180 00)

- M2000-U elipsometr pro in-situ (Dr. Bulif, Fyzikalni ustav AVCR, Na Slovance 2,
182 21 Praha 8)

- M2000-V elipsometr pro in-situ (Dr. Siffalovi¢, Fyzikalni ustav SAV, Dubravska
cesta 9, 841 04 Bratislava)



- M2000-X elipsometr pro in-situ (Prof. Morav€ik, STU, Materialovotechnologicka
fakulta so sidlom v Trnave, Paulinska 16, 917 24 Trnava)

- M2000-V elipsometr pro in-situ (Dr. Granci¢, Univerzita Komenského, Fakulta
matematiky, fyziky a informatiky, Mlynska dolina F2, 842 48 Bratislava)

- M2000-X elipsometr (Ing. Ognen Pop-Georgievski Ph.D., Ustav makromolekularni
chemie AVCR, Heyrovského nam 2, Praha 6)

- AlphaSE elipsometr (Ing. Petr Slepi¢ka, VSCHT, Praha 6)

- RC2 elipsometr (Dr. Postava, VSB-TU Ostrava, 17. Listopadu 15, 708 33, Ostrava-
Poruba)

- RC2 elipsometr (Dr. Veis, MFF UK, Ke Karlovu 5, 121 16, Praha 2)

- M2000-DI (Dr. Holovsky, FEL CVUT)

- M2000-XI ex situ elipsometr (Dr. Stranak, JU CB)

- M2000-X elipsometr pro in situ i ex situ (Dr. Bulif, FZU AVCR)

V pfipadé zajmu mizeme dodat detailni informace k poskytnutym referencim.






Powerful



J.A. Woollam began software development for automated ellipsometry measurements in the 1980s. Over the years, our
software has continued to evolve with advancements in our field, improvements in computing power, and feedback from
our customers. CompleteEASE is the culmination of 35 years of ellipsometry experience and software development.

Industry Leading Software

+Powerful

A comprehensive software platform for data acquisition
and model development custom designed for use with

J.A. Woollam ellipsometers, CompleteEASE provides the
most functional and intuitive interface for data analysis and
reporting of results.

+Infuitive

CompleteEASE features a variety of analysis tools to assist in

model development. Our thickness pre-fit and global-fit

algorithms automate thickness and refractive index determination

for transparent films. We recently automated our patented B-Spline
model to determine optical properties in absorbing regions with a single
mouse click.

+Fully Integrated

CompleteEASE automatically detects hardware configuration changes to seamlessly transition between focusing optics,
liquid cells, heat cells, and others. Integrated support for mapping stages, camera, pattern recognition, and comprehensive
graphing tools to display results are all standard features of CompleteEASE. CompleteEASE also features an API to
enable custom communication and real-time feedback control.

+Fast

The Levenberg-Marquardt regression algorithm has been optimized to provide the fastest possible model fit to raw
data, including compatibility with multi-core processing. This is especially useful for the analysis of complex absorbing
samples and real-time characterization of thin films where the data is analyzed as the measurements are acquired.



Data Acquistion

Versatile Measurements

CompleteEASE is an all-inclusive software package to handle all your ellipsometry requirements. Conveniently measure
the uniformity of your samples with automated sample mapping. Use spectroscopic ellipsometry to collect in-situ data
on your process chamber or with accessories like our Environment Cell or temperature-control stages. All your data
acquisition needs are combined into one easy-to-use software package.

Film thickness, optical properties, and derived In-situ ellipsometry is routinely used to monitor growth
parameters can be viewed in real time during or etch of thin films and can be implemented for real-
mapping measurements. time feedback control.

Convenient Recipes

Create recipes to collect data, automate mapping, and analyze your samples—all contained in one step. Convenience and
simplicity combine for push-button operation.

Scan Pattern Editor: (not saved) X
. . Substrate Dimensions
The scan pattern editor in CompleteEASE circl =] bia (om[2000090] ] oraw watericten
is used to define the measurement positions Point List cm)
o 0,0 0 1: 0.00000, 9.00000 el Cartesian Grid Fill
for recipes. Positions can be easily defined 2 450000, 675000 p—
in cartesian or polar coordinates. If specific i -0.00000,675000 r ne e

-2.25000, 6.75000

[ Point Commands:
Add Point

5

6 -4.50000, 6.75000
7: -6.75000, 450000
8 -4.50000, 4.50000 Edit Point
-2.25000, 450000

locations are required, the coordinates can
be directly loaded into CompleteEASE

©

. Move Up
through the scan pattern editor, o e e
12 450000, 450000 —
13- 675000, 4.50000 Delclebag
.. . . 14 675000, 2.25000 elete
Combining scan patterns with pre-built 12 450000, 225000 o — ‘;"w .
16 2 25000. 2.25000 S| ™ SR e T
models enables automated measurement and [ Transist n R-Tnota fPossiole
analysis with results reported in real time as Allgnment Positon Pattem Offset
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roperties. Do PatemRec |_Setup_| DeskewImage Zoom [1:] -
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Advanced Features

Patftern Recognifion

Deskew and Pattern Recognition are
features in CompleteEASE designed to
accurately locate measurement positions.
Deskew corrects rotation, offset, and
slight scaling to match the sample
coordinates with the stage coordinates.

Pattern Recognition uses machine-
vision image recognition to locate small
features or pads to ensure measurements
are consistenlty collected within the
intended area.

System Requirements:

+Automated Translation

+Focusing Probes

+Lookdown Camera

+Visible repeated features on sample

Mueller Matrix Measurement and Analysis

Mueller matrix measurements provide the most complete description of the dielectric response of a sample upon
interaction with a light source. All J.A. Woollam ellipsometers are capable of collecting Mueller matrix data from a
sample. CompleteEASE is not only the engine behind accurate data acquisition, it provides intuitive graphing and analysis
tools that help you get the most out of your measurements.

Viewing the entire Mueller matrix allows access to different polarization effects in advanced samples, including diattenua-
tion and polarizance. The Mueller matrix Graph Utility, shown below, is a graphing and visualization window that enables
users to easily view measured and modeled Mueller matrix data. The Graph Ultility also enables users to perform decom-
positions on Mueller matrix data. Mueller matrix decompositions provide an alternate approach for extracting information
from the Mueller matrix and can be especially useful when measuring highly complex samples.




Absorbing Materials

Absorptions in materials can be caused by electronic transitions, lattice vibrations, and free carrier absorptions, among
other things. The nature of absorption resonances vary by material and are dependent on a variety of factors. For this
reason, mathematical descriptions for absorbing materials are traditionally more complex. CompleteEASE features
multiple tools for modeling absorbing films easily and efficiently.

Gen-Osc GEN-0SC FOR ORGANIC THIN FILM

The General Oscillator layer, or Gen-Osc, was developed
to simplify the modeling of material optical constants. The
Gen-Osc layer models the dielectric function of a material
as a linear summation of wavelength-dependent oscillators.

The oscillators described mathematically in the Gen-Osc
layer represent the dipole response of the material and can
be used to describe comparable physical parameters, such
as band gap.

CompleteEASE provides a convenient Gen-Osc i
parameterization layer which helps to define the initial GEN-05C FOR INDIUM TIN OXXDE
starting values of each oscillator in the model.

Build your own oscillators using the parameterization
window, beginning with a number of built-in functions,

including:

+ Lorentz + Harmonic
+ Tauc-Lorentz + Tanguy

+ Gaussian + Drude

+ Cody-Lorentz + PSEMI

B-Spline KRAMERS-KRONIG B-SPLINE

The B-Spline layer was developed in CompleteEASE as
an alternative to direct data inversion or oscillator models
and has revolutionized optical modeling of semi-absorbing
materials. The B-Spline has the following benefits:

+Reduced number of fit parameters
+Complete flexibility in optical constants for any material
+No guesswork about where to place oscillators and

what type to choose

The B-Spline is especially useful for describing complex B-SPLINE MATCHED TO ORGANIC FILM
dispersion shapes in a physical manner.

The latest versions of CompleteEASE feature an automated
B-Spline feature which enables users to determine the
optical properties of semi-absorbing materials with just a
few clicks without the need of background information on
the material or a reference file.



Automated Modeling Features

Thickness Pre-fit

Ellipsometry takes advantage of the coherent nature of light to determine thickness of thin films. Light interacts with the
various interfaces within the film stack and eventually recombines with the initial surface reflection causing constructive
or destructive interference in the detected signal.

Light propagating through a transparent fim

provides sensitivity to film thickness via a coherenct

interaction of the reflected and refracted beam:s.

SPECTROSCOPIC ELLIPSOMETRY DATA

The thickness of a film is measured by ellipsometry based on the
interference oscillations caused by light combining from the surface
and bottom of the film. The thicker the film, the more oscillations.

The CompleteEASE thickness pre-fit algorithm quickly estimates the film thickness for an unknown layer by leveraging
the presence of interference oscillations in the raw measured data. This feature helps to avoid local minima in your fit by
providing an automated starting value that is close to the optimized solution.

Global Fitting

Global fitting is a feature used to search a defined parameter space for a global
minimum. This approach is helpful to avoid local minima that might prevent
the correct fit from being obtained. A standard global fit will scan two or more
parameters as a grid. Each point gets assigned an MSE value, and the minimum
MSE value along with its corresponding parameters is reported at the end.

CompleteEASE also features a randomized global fit algorithm, which will
search the parameter space randomly instead of in a grid. The advantage of
this method is that an MSE threshold can be set. Once a point below the MSE
threshold has been found, the fit is then followed by a standard Levenberg-
Marquardt fit. Tests have shown a reduction in global fit time of 5x or better

using this feature.

Alternate Models

Using the Alternate Models function

in CompleteEASE is a huge time saver
when testing your films for common
complexities. In addition to surface
roughness and grading, CompleteEASE
can now check for simple anisotropy.
CompleteEASE allows you to compare
the results from each of these models,
see which one CompleteEASE suggests
as the best fit, and select which one you
want based on the results.

Q Analysis Results

Parameter Ideal Roughness Grading Roughness & Grading Anisotropy
MSE 22.126 20.725 5.088 3471 22124
Roughness Nid 271 =057 nm NiA 1.29 = 0.093 nm N4
A 2236+ 0005161 | 2.237 = 0.004834 2241 =0.001185 2241 = 0.00080736 2234 = 0.006353
B 0.04182 = 0.006875 |0.03910 = 0.006455 || 0.03341 = 0.001332 003236 = 0001048 || 0.04242 = 0.007873
(& 0.00190 = 0.002673 | 0.00322 = 0.002516 | 0.00700 = 0.00060069 | (000747 = 000041129 | 0.00180 = 0.002736
% Inhomogeneity Nid Nid 13.70 = 0.252 13.20 = 0.176 N4
Thickness # 1 766.26 = 1.380 nm || 766.68 = 1.205 nm || 766.12=0.324 nm 76645 =0.222 nm 767.32 = 2.008 nm
n of Cauchy Film @ 632.8 nm 2.35236 2.35450 236787 2.36805 N4

| == H Apply Chosen Model H =

Show Graphs




In-situ Analysis + Control

User-friendly Experience

CompleteEASE is the perfect interface
for real-time data acquisition, monitoring,
and control. It leverages the vast in-situ
spectroscopic ellipsometry experience at
J.A. Woollam within a user-friendly
interface. Real-time ellipsometry data
contains a wealth of information. Samples
can be fully characterized before, during,
and after processing.

Ellipsometry measurements over a

wide spectral range provide sensitivity

to a variety of material properties such

as composition, conductivity, surface
conditions, etc. In addition, ellipsometry is
sensitive to thickness changes at the sub-
angstrom level.

Multi-time-slice Analysis

Analyzing in-situ ellipsometry data is made

simple in CompleteEASE. Often the best way to DYNAMIC DATA
interpret and analyze changes observed in real-

time is by using the multi-time-slice analysis

mode. This approach allows users to distinguish

model parameters that vary with time from other

parameters which are constant as a function of

time.

CompleteEASE enables easy visualization of
ellipsometry data acquired as a function of time and
allows users to easily select individual time slices
to view and compare.

With multiple-time slices selected, a model can

be quickly developed to account for variation

between measurements acquired at different times.

This can include accounting for time-sensitive SPECTROSCOPIC DATA AT MULTIPLE TIMES
variations such as film thickness, temperature, or

ambient environment. An example of this is atomic

layer deposition of aluminum oxide. The optical

properties of ALLO, are constant during ALD growth

while the thickness changes.

Once the time-dependent parameters are known,
CompleteEASE enables quick fitting of all time
slices. The results can be quickly viewed as a
function of time. If data was collected as a function
of another parameter, such as temperature or
relative pressure, results can be quickly plotted as a
function of the relevant parameter.



In-situ Applications

In-situ spectroscopic ellipsometry characterizes the thickness and optical properties of a sample in real-time as conditions
are varied. This includes measurements during film growth or etch; while varying sample temperature, humidity, or other
environmental conditions; and during other external stimulation of the sample, including magnetic, electric and others.

Real-time Deposition Characterization

Real-time feedback of thin film properties during deposition enables early detection of variations in films and provides
the necessary information to dynamically modify the process to consistently produce high quality coatings. In-situ
ellipsometry is also used to characterize substrate monolyaer adhesion, reagent conditions, rinsing, etc.

ATOMIC LAYER DEPOSTION OF PLATINUM ON SILICON CTAB ADSORPTION AT SURFACE

Atomic Layer Deposition has demonstrated Phase (Delta) is highly sensitive to thin

monolayer control for thin film growth. In-situ films, which allows precise characterization of
ellipsometry is the perfect tool to match monolayer this organic monolayer during attachment and

sensitivity to this unique process capability. rinsing steps.

Temperature Studies

Variable temperature measurements can be very useful for a wide variety of applications. Low temperatures are valuable
for optical coatings designed for use in satellite telescopes, superconductive materials, and critical point detection in
semiconductors. Elevated temperatures are often used to study phase transitions in materials and to accurately determine
material properties at growth temperatures.

POLYSTYRENE THICKNESS VS. TEMPERATURE OPTICAL CONSTANTS OF SILICON VS. TEMPERATURE
The change in rate of thermal expansion of films caused The optical properties of silicon and many other
by temperature change clearly identifies the glass materials are temperature dependent. Users can
fransition temperature. These results are easily obtained easily create their own temperature or composition

using the Graph Scratchpad in CompleteEASE. libraries for various materials.



Customer Support

SHORT COURSES

We offer short courses multiple times per year at various locations across the globe.
Our course syllabus follows a three-day format with two sessions per day:

Session 1: Introduction to Ellipsometry
Session 2: Transparent Materials

Session 3: B-Spline for Absorbing Materials
Session 4: General Oscillator Modeling
Session 5: Complexities & Non-idealities
Session 6: Anazying Mapping & In-situ Data

Short courses include extensive training through examples and interaction between other
students and instructors. Contact your local representative or sales@jawoollam.com for more
information regarding upcoming short courses.

ON DEMAND

Our commitment to continual customer support is what sets us apart. We offer a variety of
learning opportunities each year that take place all over the world—both online and on-
location. We stand behind our products and continuously offer guidance and assistance, so
you can be confident about getting the most out of your experience with our products and
move forward with your research and custom projects.

There are a variety of subjects that we cover through our online webinars that feature
applications such as porosimetry, anisotropy, Mueller matrix, and infrared ellipsometry.

For those interested in online training, we’ve developed the CompleteEASE training series.
For more information, visit our website or scan the QR code below.

UPGRADES

CompleteEASE 6 made its debut in late 2017 with a host of new features that enhance the
user interface and enable analysis of more complex sample types. We are continuously
updating the software to improve the user experience. Some of the recent updates include:

+Easily fit semi-absorbing materials

We’ve recently simplified the analysis procedure for semi-absorbing films by automating the
B-Spline layer. It’s now possible to analyze the entire wavelength range of a UV-absorbing
material with just a few clicks.

+Add common complexities using Alternate Models

We’ve upgraded the ability to test for common complexities with a single click of the mouse.
Now, you can check for surface roughness, grading, and anisotropy. CompleteEASE will
suggest the most appropriate model and give you the option to apply it.

+Analyze complex material systems with the Full Tensor Layer

Each element of the dielectric function tensor can be modeled individually with the addition
of the Full Tensor layer. The KK B-Spline has been integrated into this approach to ensure
your results are physically realistic and devoid of noise propagation.

PLEASE CONTACT US FOR MORE INFORMATION ABOUT THESE MODELING
FEATURES AT INFO@JAWOOLLAM.COM. IF YOU'RE INTERESTED IN A FREE

UPGRADE, SCAN THE QR CODE TO THE RIGHT.
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The M-2000° is the perfect combination of speed and accuracy. A wide spectral range (deep ultraviolet to
near infrared) is measured in seconds — making the M-2000 ideal for a large range of applications: quick
quality control, real-time process monitoring and in situ control, uniformity mapping, and more.
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Features

Patented Rotating Compensator
Ellipsometer (RCE) Technology

RCE technology overcomes the limitations of other
ellipsometers.

RAE RPE Phase

Modulated
Measure all Yes No No Requires 2
W/A accurately measurements
Measure A Yes No No Yes
handedness
Measure Yes No No Requires 2
Depolarization measurements
Combine with Yes Yes Yes No
fast CCD
detection

CCD Detection System

The M-2000 uses a CCD detector for simultaneous
measurement of hundreds of wavelengths. This
allows measurement from the UV to NIR in less
than a second.

Wide Spectral Range

The M-2000 is available in a variety of spectral
ranges with options from the UV to the NIR. The
widest spectral range is 193nm to 1690nm with
simultaneous data collection at more than 690
wavelengths.

Precise Alignment

A built-in 4-quadrant alignment detector allows
precise sample alignment, whether mounted on
your process chamber or a variable-angle base.

Software

Ellipsometry is an effective characterization
technique but requires powerful software to get full
benefit from the measurement. Our CompleteEASE®
software provides easy calibration, data acquisition,
and analysis for all your applications.

In Situ M-2000

With fast measurement speed and high accuracy, the
M-2000 is a perfect match for real-time
deposition/etch monitoring and control.

M-2000 ellipsometer components and mounting
hardware to attach to chamber.

Ex Situ (Benchtop) M-2000

The M-2000 is offered on a variety of bases to meet
your application and budget. Choose from fixed
angle or automated angle with either horizontal or
vertical sample mount. Additional options include
focusing optics, manual or automated sample
translation, heat stages, liquid cells, and more.

M-2000 with automated angle base,
featuring a horizontal sample mount.

Quantum Design GmbH
Im Tiefen See 58
D-64293 Darmstadt
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System specifications

System Configuration (in order)
Light source

Fixed polarizer

Continuously rotating compensator

Sample

Fixed analyzer

Spectrometer and detector

Spectral Range
370-1000nm, 390 wavelengths
245-1000nm, 470 wavelengths
210-1000nm, 485 wavelengths
193-1000nm, 500 wavelengths
+1005-1690nm, +190 wavelengths

Spectral Resolution Bandwidth
1.6nm wuvl. spacing; ~5nm bandwidth FWHM

3.4nm wvl. spacing; ~10nm bandwidth FWHM

Light Source
Quartz Tungsten Halogen (QTH)
QTH+Deuterium
Xenon
Same as above

Data Acquisition Rate

Max. data acquisition rate is determined by
compensator rotation speed, which is 20Hz for
most M-2000 models. Typical measurements for

best signal-to-noise average between 1-5 seconds.

Beam Diameter
Standard beam is collimated with 2-5mm.
Focusing options available.

Beam Divergence
Less than 0.3° (without focusing)

Measurable Quantities
W (0°-90°) and A (0°-360°); N, C, and S
%Transmission and % Reflection
% Depolarization
AnE, Asp, and Aps (3 ratios
of generalized Jones Matrix). Useful for samples that
are anisotropic with cross-polarization.
11 normalized elements of the
Mueller Matrix (normalized to m,,). Useful for samples
that are both anisotropic and depolarizing.

Typical Accuracy

Straight-through measurement of empty beam, met by
95% of the measured wavelengths with ten second
averaging time:

W =45°+0.075
A=0°+0.05

Typical Repeatability

Thirty repeated straight-through measurements of
empty beam, each with zone-averaging and ten second
averaging:

oW <0.015°*
8A <0.015°*
*1-standard deviation

Thirty repeated measurements at 65° angle and ten
second averaging with fixed sample:

native oxide (nominally 2nm) on silicon:
Sthickness < 0.003nm*
*1-standard deviation

thermal oxide (nominally 25nm) on silicon:
Sthickness < 0.005nm*
*1-standard deviation
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Facility requirements

Environmental Operating Range Front View
Temperature: 10°Cto 35°C « 67" >
Humidity: 20% to 80% (non-condensing) (170 cm)

Power
100-240 VAC, 50/60Hz, 5 Amps max.

Table

Integrated table with rack mount cabinet is
optional. If not purchased, a sturdy table is
required. Vibration isolation table is NOT required.
Instrument weight depends on instrument
configuration and may range from 50-150 Ibs.
Recommended table size:

Width 60”
Depth 30” ‘ 1
Height 36” - 35717 —
Optional: shelf or 19” rack mount below (89.2 cm)
Ambient Lighting Side View
RCE technology allows accurate measurements - 54" »
under normal room light conditions. (137 cm) Y
Dimensions
Dimensions depend on instrument configuration.
Approximate dimensions for a larger system (M-
2000 DI with 300mm XY mapping and integrated 64"
table) are shown on this page. (163 cm)
Electronics Control Box * 18.97”
| (48.2 cm) |
‘[ ﬂ J.A. Woollam nins
5.23” |
(13.3cm)
LG 7]
. - 87.7
Lamp/Detector Control Box* 18.97” ( cm)
(48.2 cm) ‘
L
J.A. Woollam _weroms e ]
M-2000 w=do O | 7
[T | *Standard rack mount cases, 24" deep
. Quantum Design GmbH Thomas Wagner: +49 6151 8806 68 .
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Test Base

Angle of incidence: ~ 65°
Accuracy: £0.2°
Repeatability: 0.005°
Horizontal sample mount
Max sample size: 150mm dia.
Max sample thickness: 20mm

All bases include 3-axis sample alignment:
X and Y (tip and tilt) resolution: 0.001°
Z (height) resolution: 5 um

Fixed Angle Base
Angle of incidence: ~ 65°
Horizontal sample mount
Automated z-height

Max sample size: 300mm dia.*
Max sample thickness: 18mm*

Auto Angle Base (Horizontal)
Angle of incidence: 45°-90°

Accuracy: £ 0.02° or better

Repeatability: < 0.005°

Horizontal sample mount

Automated z-height

Max sample size: 300mm dia.*

*Maximum sample
size depends on
system configuration.
Options for larger or
thicker samples may
be available. Contact
Quantum Design for

Max sample thickness: 18mm* details.
Auto Angle Base (Vertical)
Angle of incidence: 20°-90°
Accuracy: + 0.02° or better Vertical base
Repeatability: < 0.005° simplifies acquisition
Vertical sample mount via vacuum chuck of transmission
Max sample size: 200mm dia. ellipsometry and
Max sample thickness: 20mm intensity data.
. Quantum Design GmbH Thomas Wagner: +49 6151 8806 68 .
Quantum Design , ¢
° Im Tiefen See 58 wagner@qd-europe.com A. Wooll
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Sample Translation
Manual

50 mm by 50 mm XY

* Minimum step = 2.5um

Computer Automated

50 mm by 50 mm XY (vertical base only)
100 mm by 100 mm XY

200 mm by 200 mm XY

300 mm by 300 mm XY

* Minimum step = 2.5um

Contact Quantum Design to discuss larger options.

Automated Tip-Tilt

Automated tip-tilt alignment for samples that do
not lie flat.

Horizontal base only.

Transmission Mounts

Holds samples vertically in light path to allow
normal incidence transmission measurements on
horizontal bases.

Sample Rotation

Upgrade sample stage to include automated
sample rotation (360° Theta-only). Useful when
studying anisotropy.

In Situ Package
Mount source and receiver to chamber.

Manual translator, automated translator,
and transmission mount for horizonal base.

Focusing

Reduce measurement beam size. Useful for
patterned samples, small samples, and fine
mapping.

Focusing Optics
Model (on Fixed or Auto Angle Base)

V, VI 220pum beam dia.

U, Ul, D, DI 300um beam dia.

X, XI 120pm beam dia.
Camera

Add a camera to M-2000 systems with focused spot
option to visualize the measurement area. The actual
beam may not be visible on smooth surfaces, but the
location can be identified based on reference location.
The camera option includes a 3Mpixel CCD Camera, Lens

set, and lllumination setup.
e 3x Magnification

e Field of view: 2.1 x 1.6mm

*  Working distance: 77mm
* Digital zoom: up to 8x

Manual translator, automated translator,
and rotator for vertical base.
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Temperature Stages

Basic Temperature Stage
Temperature range: Room to 300°C

Standard Temperature Stage
Temperature range: -70°C to 600°C

High Temperature Stage
Temperature range: Room to 1000°C

Contact Quantum Design for full Temperature Stage Spec Sheet.

Liquid Cells

Horizontal

5 mL Horizontal Liquid Cell
500 pL Horizontal Liquid Cell
2 mL Electrochemical Cell*

5 mL Heated Liquid Cell

500 uL Variable Temperature Liquid Cell

Vertical

5 mL Vertical Liquid Cell
270 pl Vertical Liquid Cell
37 mL Electrochemical Cell*
45 mL Electrochemical Cell*

*Customer supplies electrodes.

Contact Quantum Design for full Liquid Cell Spec Sheet.

Cryostat
Standard: 4.2-500 Kelvin
Optional: 4.2-800 Kelvin

Requires vertical base or in situ package.

Environment Cell
For measurements under varying solvent partial
pressure ambient conditions.

=

QCM-Compatible Mounting Stage
Tilt stage designed to hold Q-Sense QCM-D Quartz
Crystal Microbalance

Woollam provides mount only. The QCM-D and Cell to
accommodate ellipsometry measurements is from Q-Sense.

Quantum Design GmbH
Im Tiefen See 58
D-64293 Darmstadt
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Porous Sample Chuck Rack Mount Table or Enclosure
Sample chuck with porous surface. Useful for thin Integrated table with rack mount for electronics,
plastic substrates. computer, and EMOs. Options available with 3-

sided or full system enclosure.

Optical Breadboard Mount
Allows users to mount their own components such
as prisms, cells, etc.

Tiltable Sample Stage

Designed for textured monocrystalline silicon.
Automated stage tilts to align pyramid faces to
plane of incidence.

. Quantum Design GmbH Thomas Wagner: +49 6151 8806 68 .
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Options compatibility by base type

Test Base Fixed Angle Base Auto Angle Base Auto Angle Base
(Horz) (Vert)
Manual Sample Translation NO YES YES YES
Automated Sample Translation NO YES YES YES
Automated Tip-Tilt NO YES YES NO
Transmission Mount NO NO YES N/A
Sample Rotation NO YES YES YES
In Situ Package YES YES YES YES
Focusing NO YES YES YES
Camera NO YES YES YES
Temperature Stages NO NO YES YES
Liquid Cells NO NO YES YES
Cryostat YES YES YES YES
w/in situ pkg w/in situ pkg w/in situ pkg
Environment Cell NO NO YES NO
QCM Stage NO NO YES NO
Porous Sample Chuck NO YES YES NO
Optical Breadboard Mount NO YES YES NO
Tiltable Sample Stage NO NO YES NO
Rack Mount Table NO YES YES YES
. Quantum Design GmbH Thomas Wagner: +49 6151 8806 68 .
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M-2000 References

Dr. Eva Bittrich (Germany)

Leibniz-Institut fir Polymerforschung Dresden e.V.
Teilinstitut Makromolekulare Chemie

Phone: +49 (0)351-465-8256

E-mail: bittrich-eva@ipfdd.de

Prof. Dr. Erwin Kessels (Netherlands)
Eindhoven University of Technology
Plasma & Materials Proscessing

Phone: +31 402473477
E-mail: w.m.m kessels@tue.nl

Dr. Orjan Arthursson (Sweden)
Chalmers University of Technology
Nanofabrication Laboratory
Phone: +46-31-772-4984

E-mail: orjan@mc2.chalmers.se

Dr. Alex Shard (England)
National Physical Laboratory
Phone: +44-20-8943-6193

E-mail: alex.shard@npl.co.uk

Dr. Nieck E. Benes (Netherlands)
University of Twente

Membrane Technology Group
Phone: +31-53-489-4288

E-mail: N.E.Benes@tnw.utwente.nl

Dr. Dirk Hertel (Germany)

Universitat zu Kdln, Physikalisches Institute Chemie
Phone: +49-221-470-2494

E-mail: dirk.hertel@uni-koeln.de

Dr. Ing. Klaus Kallis (Germany)
Technische Universitat Dortmund
Lehrstuhl fir Intelligente Mikrosysteme
Phone: +49 (0)231-755-2023
E-mail:  klaus.kallis@tu-dortmund.de

Prof. Christophe Detavernier (Belgium)
Universiteit Gent

Dept. of Solid-State Physics

Phone: +32-9-264-4354

E-mail: Christophe.Detavernier@UGent.be

Mgr. Jaroslav Kousal, Ph.D. (Czech Republic)
Charles University in Prague

Department of Macromolecular Physics

Phone: +420-2-2191-2256

E-mail: jaroslav.kousal@mff.cuni.cz

Dr. Gaspar Armelles (Spain)

Instituto de Microelectronica de Madrid,
Consejo Superior de Investigaciones Cientificas
Phone: +34-91-806-0710

E-mail: Gaspar@imm.cnm.csic.es

Prof. Dr. Carsten Schuck (Germany)
Westfalische Wilhelms-Universitat
Physikalisches Institut

Phone: +49 251 83-63911

E-mail: carsten.schuck@uni-muenster.de

Prof. Maurizio Canepa (Italy)

Universita di Genova, Dipartimento di Fisica
Phone: + 39-010-353-6242

E-mail: canepa@fisica.unige. it

Dr. Peter Petrik (Hungary)

Hungarian Academy of Sciences

Institute for Technical Physics and Materials Science
Phone: +36-1-392-2222

E-mail: petrik@mfa.kfki.hu

Prof. Kurt Hingerl (Austria)
Johannes-Kepler-Universitat Linz
Christian Doppler Labor

fir Oberflachenoptische Methoden
Phone: + 43-732-2468-9662
E-mail: kurt.hingerl@jku.at

Prof. David Grosso (France)

Laboratoire Chimie de la Matiére Condensée
Université Paris VI

Phone: +33-1-44-27-1530

E-mail: david.grosso@upmc.fr

Prof. Gul Yaglioglu (Turkey)
Ankara University, Physics Department
Phone: +90-90-312-212-6720

E-mail: yoglu@eng.ankara-edu.tr
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Prifoha ¢. 3 Kupni smlouvy

SEZNAM PODDODAVATELU / CESTNE PROHLASENI

1. Nazev verejné zakazky

Spektroskopicky elipsometr

2. Identifikacni idaje ucastnika zadavaciho Fizeni

Obchodni firma: OptiXs, s.r.o.
Sidlo: Krivoklatska 37, 199 00 Praha 9
1CO: 02016770
Pravni forma: Spolecnosti s ru¢enim omezenym

Ucastnik zadavaciho Fizeni éestné prohladuje, Ze neméa v Umyslu zadat urcitou ¢ast vyse uvedené verejné
zakazky jiné osobé, tj. poddodavateli.
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