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(1) Uvodem

» Elektronova litografie
— expozice (rozptyl elektront)
— vyvolavani (citlivost rezistu)

— nasledne procesy (replikace)
o Struktura v substratu: pfime¢ maskovani
e Maska: opticka replikace

* Master: mechanické replikace



Rozptyl elektronu
* Rozptyl energie: dopredny rozptyl + zpétné odrazene e
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MTF Function for 200 nm Besist
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MTF Function for 15k

)

CC ]

k)

k)

k)

— 77T 77—
oot o]

1
.

10°



Simulace rozptylu — velké a mal¢ razitko
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Vyvolavani rezistu

dw [-]
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Typ relictu

dw [-]

Binary and Greytone Relief

e,
80 N —— dw
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\ =f == greytone relief
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(2) ZvySeni rozliSeni
e Zpresnéni velikosti razitka

— zména nastaveni zmensovaci coCky
e Zpiesnéni pozice razitka
— zvySeni rozliSeni D/A prevodniku vychylovaciho
systemu
— diagonalni krok 70 nm
— SW korekce pozice: dvojexpozice + nastaveni cast

— snizeni Sumu
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/Zmenseni razitka (TZ): analyza

* Vypocet optické soustavy ELG (Prof. Lencova)

* Analyza Coulombovskych interakci (Tomas
Radlicka)
e Zaver:
— moZnost zmensSeni rozméru svazku na 50%

— otocCeni tvaru razitka o —45° vzhledem k vychylovani
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TZ -, Simulace simulace *

pivodni ndvrh = - = vysledek v rezimu TZ
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TZ — rozmer razitka (optika)




TZ — rozm¢r razitka (AFM)

SE.68nm

BE.51nm

44 24nm

2217 nm

0.00nm

0.00pm

5794pm FESpm

Opam 6. &dum | Line Angles —— 5 g6.895 °
Pair 1 Pair 2
D (pm) Znm) D (pm) Z(nm)
1 0.7a2 27728 5473 40455
2 224 51.004 5.593 46.735
diztance 1458 23275 1.423 £.280
at.angle 0a1° n2se
1 0.7g2 33138 5173 11 645
e 2 224 42332 5.593 32073
diztance 1455 9134 1.423 20428
at.angle 0.3g " ng2-"
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Vychylovani svazku

» Krok vychylovani:
25— 50— 100 — 200 nm Rea AN,
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(3) Zvyseni expoziCni rychlosti

ZKraceni expozi¢ni rezijni doby
— komunika¢ni modul DSP mezi fidicim PC a elektronikou litografu

Zvyseni citlivosti rezistu
— chemicky aktivovany rezist (FEP-171)

Zvyseni proudové hustoty svazku
— v rezimu zmensenc¢ho razitka zvySeni 4x
Zkraceni/upresnéni doby ustaleni vychylovaciho systému

— novy D/A prevodnik a tabulka Casu

Zvyseni proudu katody

— mozne, ale problematické
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FEP - citlhivost

Development characteristics of FEP 200nm

T —o— 15s
citlivost: 30s
6-8 uC/cm? —+—60s
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FEP - technologie

« + promotor adheze hexa-metyl-disilazan (HMDS)
* + post-exposition baking (PEB)

e tloust’ka rezistu 200-300 nm
— tedéni: 70-120 nm
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FEP — binarni struktura

i

Scan Distance (5.99pm)
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Doba realn¢ expozice

Exposition Time [hours]

10

oe]

Exposition Time

A

pd

—&— original

new DSP
—a— new DSP + reduced stamp
- - - x-- - experiment

400 600
Complexity [mega stamps]

800 1000




(4) Metodika vyhodnoceni struktur

 opticka mikroskopie
* clektronova mikroskopie (SEM)
* mikroskopie skenovaci sondou (AFM)
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AFM — 4 snimang¢ signaly
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AFM - kalibrace

X ~+1%

- Y~ +10% - Z:-2.8%

A77,491)

- 2,29 - 3,5 %
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hloubka [NM]



AFM — rozliSeni v ose 7

Roughness Measurement

Whole Ares
Total Area =t 0.8138 pm?®
Foughness Avg. Sa 0.3528 nm
Foot mean square S 04276 nm
Ten Points Height Sz 2.34958 nm
Fange Sr. 24144 nm
(jam 0.45um 0. 20um




SEM vs. AFM (anizotropni lept S1)

+ rozméry X-Y + informace o hloubce Z

- Informace o hloubce Z - artefakty (hrany)

T
e Rt -
-~ - r_-
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(5) Pripadove studie

* Binarni reli¢f
* Stupnovity relief

« Kombinovane mrizky
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Test dvojCar (FEP, TZ)

Cary délky 1 um
Rozte¢ 500 a 800 nm
Hloubka 80 nm




M¢éfeni Car (FEP, TZ)
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Relietni miizky
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M¢éreni tvaru relicfu (PMMA, V11)

SO R ENm
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Viceurovnova struktura




Vyhlazena struktura

485.24nm

242 .62nm

0.00nm




Kombinovana mrizka - simulace

reliéf

difrakce
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Kombinovana miizka (PMMA/V11)

704.55nm

352.28nm

0.00nr

ance (15.09um)

ance (704.55nm)
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Pair 1 Pair 2 Pair 3 Pair 4
ol Z(nim) Hlpm) Z(nm) Wipm) Z(nm) Holpm) Zinm)
1 0.6 595,215 2 B0 495 743 9125 299 231 11202 93 BE3
2 1,886 &1 416 7 434 506813 9712 181 870 12 465 470245
Lire
distance 1.071 16799 4734 11 064 0,586 17 261 1173
e -080° 013° 41310 17.&0°
1 0.6 452075 2 B0 BE4.999 59125 B32.204 11292 B25 251
2 1 886 442095 7 434 433.047 9712 435 583 12 465 B09.436
Linez
distance -9.980 4594 231 053 0586 1173 15816
shemgls 053" 270" 4851 077"




Krizova mrizka

547.12nm

273 .56nm

0.00nr

Scan Distance (15.09pm)

Z Distance (547.1Z2nm)



(6) Souvisejici aspekty

Katody

SW pro nastaveni coCek
EXPO SW

Negativni chovani rezistu FEP
Dolet BS elektront

Litografie AFM
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SEI

7.0kV

X140

~700um

X190,000

100r1rh

WD 9.1mm




Katody - parametry

Zékladni pozadavky:
— ploSnd homogenita
— Casova stalost
* Proudova hustota:
— 0.1 A/lcm?: extrémné nizka

horni clona

clekoay — 0.3 A/cm?Z: dolni limit
— 1.0 A/lcm?: optimum (108 A/um?)
Ty — 3.0 A/lcm?: horni limit (k¥iziste!)
* Proud v segmentu 6.3x6.3 um : _
doin cona — 0.4 UA (pii 1A/cm?) al
* Proud Vv primarnim svazku (6x):
Frar svicku — 2.4 uUA (odhad) > ~ 23 mA/sr

 Produkce: cca 6 katod / rok

40



SW pro nastaveni cocek

« Rizeni optické soustavy litografu (Miroslav Horadek)
 SW na expozi¢nim PC

» UloZeni nastavenych parametru

O O O ] ] O O O
v 2815 Z3k0 1448 08RO
1124 2380 0300 3030 high = 3317 2077 226h 2755 fine

1 Ce C3  PROJ range CHTT1  =TG1T CNTZ  5TGE CZ:nom

=0l
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FEP — negativni chovani (TZ)
A: neexponovana oblast

B: negativni chovani v oblasti pfeexpozice primarnimi elektrony

C: pozitivni chovani v oblasti expozice zpétn€ odraZzenymi elektrony




FEP — negativni chovani (pokr.)

charakterizace citlivosti —>  bindrni + reliéfni struktury



Dolet BS e-

160.19nm
131.99nm
102.79nm
75.52nm
45 .22nm
0.00pm FH5pm FA1pm 11.87pm 15.83pm
IZI . 14, 63um Line &ngle:
Fair 1
O (prm L [nm)
1 3529 59.258
2 11 .629 105.054
Line1
distance g.100 43826
at angle 031"
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ISI LEI 50kV  X2,000 10um WD 7.9mm ISI El 50KV X20000 1um Tum WD 6.0mm
ISI SEI 50KV X50,000 100nm WD 6.0mm ISI El 50KV X150,000 100nm WD 4.0mm




AFM litografie - struktury

vpichy, rozte¢ 300 nm ryhy, polomér 1000 nm
hloubka +/- 10 nm hloubka +/- 40 nm

ance (2.78pm)

ance (114.55nm)
0.00nm 0.00nm

ance (2.79%m)
ance (28.30nm)

opotfebeni hrotu = hroty s povrchovou upravou 4



Zaver

Litograf
parametr puvodni aktualni rozmer
velikost svazku 100-6300 50-3125 [nm]
rel. proudova hustota 1 4 [-]
krok vychylovani 100 <100 [nm]
rezie instrukce 40 8 [us]
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