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άDŜƻǊƎƛŀ ¢ŜŎƘέ

Å public institution
Å founded 1885
Å $1.37 billion research awards

Å ranked No. 4 graduate & 
undergraduate engineering 
(US. News & World Report)

Å 20,592 undergraduates
Å 32,771 graduates
Å 53,363 total enrollment
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Å Elionix ELS-G100 100 kV system
Å 1 mm write field
Å 100 MHz clock
Å 1.8 nm beam diameter
Åуέ ǿŀŦŜǊ ǎǘŀƎŜ
Å 50 pA ς 100 nA beam current

Å Institute for Matter and 
Systems

Å Marcus Nanotechnology 
Building

Å Bernie Marcus benefactor 
(Home Depot)

Å Marcus Inorganic Cleanroom
Å 10,000 square foot cleanroom
Å 5,000 square foot bio-cleanroom
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C. A. Mack, Field Guide to Optical Lithography, 
SPIE Press, Bellingham, WA (2006)
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ά9ƭŜŎǘǊƻƴ ōŜŀƳ ƭƛǘƘƻƎǊŀǇƘȅ ǿǊƛǘƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ƭƻǿ ƭƻǎǎΣ ƘƛƎƘ ŎƻƴŦƛƴŜƳŜƴǘ ǎƛƭƛŎƻƴ ƻǇǘƛŎŀƭ ǿŀǾŜƎǳƛŘŜǎέ
Richard J. Bojko; Jing Li; Li He; Tom Baehr-Jones; Michael Hochberg; Yukinori Aida
J. Vac. Sci. Technol. B 29, 06F309 (2011)
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άLƳǇŀŎǘ of line width roughness on the matching performances of next-generation ŘŜǾƛŎŜǎέ
C. Gustin, L.H.A. Leunissen, A. Mercha, S. Decoutere, G. Lorusso,
Thin Solid Films, Volume 516, Issue 11, (2008)
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LER is usually characterized as 
ǘƘŜ оˋ ŘŜǾƛŀǘƛƻƴ ƻŦ ŀ ƭƛƴŜ ŜŘƎŜ 
from a straight line

LER = 3*̀

άLƳǇŀŎǘ ƻŦ ƭƛƴŜ ŜŘƎŜ ǊƻǳƎƘƴŜǎǎ ƻƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ мп-nm FinFET: Device-circuit Co-ŘŜǎƛƎƴέ
Rituraj Singh Rathore, Ashwani K. Rana,
Superlattices and Microstructures, Volume 113, (2018)

LWR is usually characterized as the 
оˋ ŘŜǾƛŀǘƛƻƴ ƻŦ ƭƛƴŜ ǿƛŘǘƘǎ ²i from 
the average line width <W>

LWR = 3*̀
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26 mm

36 µm48 µm
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4,000 X 20,000 X 100,000 X

pixel width = 33 nm pixel width = 6.5 nm pixel width = 1.5 nm
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300,000 X
slow scan

300,000 X
fast scan

pixel width = 0.5 nm pixel width = 0.5 nm

22 nm

6 nm
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vertical orientation horizontal orientation

SEM raster scan SEM raster scan
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looks pretty good... ...but not usable
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SEM 1 SEM 2 SEM 3 SEM 4
beam diameter (nm) 2.3 1.5 0.8 0.6

current Ip = 1 nA Ie = 10 uA Ie = 10 uA Ip = 11 ς 43 pA

acceleration (kV) 100 15 15 15

WD (mm) 40 12 4 4

noise measured (nm) 22 20 7.5 1.8

noise image

noise source 100 Hz 
electronics

cleanroom 
ambient

room
ambient

room
ambient
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539 nm 512 nm555 nm

523 nm

CAD = 600 nm

slow (scan 1) slow (scan 2) slow (scan 3)blank blank
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549 nm 544 nm560 nm

CAD = 600 nm

547 nm

fast (scan 1) fast (scan 2) fast (scan 3)blank blank
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scan speed CAD
scan 1 

25,000 X
scan 2

120,000 X
scan 3

25,000 X

fast 600 560 (-40) 547 (-53) 544 (-56)

slow 600 555 (-45) 523 (-77) 512 (-88)

-5 -24 -32
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Hummer XP Sputter Coating
Au

actual thickness = 3.25 nm

particle average diameter = 11.2 nm



20

Quorum Q-150V ES Plus 
AuPd

actual thickness = 3.25 nm

particle average diameter ~ 8 nm
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exposed
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good range

square dose coeff. dose thickness (Å)

1 1 100

2 2 200

3 3 300

4 3.5 350

5 4 400 0

6 4.5 450 1998

7 5 500 2404

8 5.5 550 2677

9 6 600 2807

10 6.5 650 2880

11 7 700 2933

12 7.5 750 2956

13 8 800 2979

14 9 900 2992

15 10 1000 2992

16 12 1200 3001

17 14 1400 2999

18 16 1600 3003

19 18 1800 2993

20 20 2000 2989
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single sleeveno sleeve overlay
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single pass

1600 µC/cm2

multi-pass, pass = 4, shift = 25% field overlap, X only

400 µC/cm2

field 1
400 µC/cm2

field 2
400 µC/cm2

field 3
400 µC/cm2

field 4field 1 field 2... field 5
400 µC/cm2

1600 µC/cm2

D100

x

D100

x
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single pass, no sleeve 4 pass, 25% overlap, single sleeve
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single pass, no sleeve 4 pass, 25% overlap, single sleeve


