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

A ranked No. 4 graduate &

A 20,592 undergraduates

A 32,771 graduates

A 53,363 total enrollment
2

undergraduate engineering
(US. News & World Report)
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A Institute for Matter and
Systems

A Marcus Nanotechnology
Building

A Bernie Marcus benefactor
(Home Depot)

Cr

Georgia
Tech.

A Elionix EL&100 100 kV system
A 1 mm write field

A 100 MHz clock

A 1.8 nm beam diameter

Ayé¢ g1 TSN adal 3s
A 50pAc¢ 100nAbeam current

A Marcus Inorganic Cleanroom
A 10,000 square foot cleanroom
A 5,000 square foot bi@leanroom



C. A. Mack, Field Guide to Optical Lithography,
SPIE Press, Bellingham, WA (2006)

Cr

Georgia
Tech



D
0
20

Sisls

0
6 % ——
-104
.--‘__§’ §§§§§ -

'15' \\\\

3, -201
2nm
8 4nm

nm 25

16nm 1—--e-— Curved
- 24nm —a— Linear
2 nim 304, . . . : . : :
0 5 10 15 20 25 30 35

Shot Pitch
GOt SOGNRY o6SIY fAGK2INILIKE gNAGAYIT &a0GNIGS3IASE FT2NI 29 f2aa
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LER LWR

LWR = 3*

LWR is usually characterized as the

E Ay SHRSBAL GA2Y franF A
the average line width <W>

LER = 3*

LER is usually characterized as
0KS o' RSOALFGAZY
from a straight line
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RiturajSinghRathore AshwaniK. Rana,
Superlatticesand Microstructures, Volume 113, (20118
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2 abrev e | d2 abrev mmm— : (M d2 reg sfl _
9735  1000kV Sum 4,000 X A+B 2025/04/14 9796 1000kV 1um 20,000 X AHB 2025/04/14 9807 1000 kY 200nm 100000 X A+B 2025/04/14

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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d2 _reg sfl _ Ztv'gg_sﬂ e | v
9809 1000 kY 100nm 300,000 X AHB 2025/04/14 § 9810 1000 kY 100nm 300000 X A+HB 2025/04/14

300,000 X 300,000 X

slow scan fast scan
Gr pixel width = 0.5 nm pixel width = 0.5 nm
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Magnification
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SEM raster sc | n | SEM raster scan

M d2 reg sfl P d2 reg sfl P
9807 1000 kY 200nm 100,000 X A+B 2025/04/14 9806 1000 kv 200nm 100,000 X A+B 2025/04/14

vertical orientation horizontal orientation
Gr

Georgia
Tech




Cr

Georgia
Tech

d2 abrev
9796

[ —
1000 kY 1um AHB 2025/04/14

looks pretty good...

2 s
909

1000 kY 100nm 300,000 X A+B 2025/04/14

...but not usable
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r———— Ll SEMZ L SEMS L SEM A

beam diameter (nm)

current |p =1nA Ie = 10uA Ie = 10uA l,=11¢ 43 pA
accelerationkV) 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 cleanroom room room
electronics ambient ambient ambient
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slow (scan1l) — blank —— slow (scan 2 blank ——— slow (scan 3)

abrev_charge3 e — | abrev charged — abrev_charge3 | |
0274 1000 kV 1um 25000 X A+B 2025/05/19 0275 1000 kv 200nm 120,000 X A+B 2025/05/19 0276 1000 kV 25000X  A+B 2025/05/19

CAD =600 nm
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fast(scanl1l) —— blank —— fast(scan2) > blank ——— fast (scan 3)

0290 1000KY Tum 25000 A+B____2025/05/19 1.0297___1000KY__200mm 120000 _ AtB___2025/05/19 1000V _1um 25000 A+ 2025/05/19

CAD =600 nm
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scan speed scanl scan2 scan 3
P 25,000 X 120,000 X AN 0100) 4

fast 560 ¢40) 547 ¢53) 544 (56)
slow 600 555 (45) 523 (77) 512 ¢88)
5 24 -32
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C%) 5/24/2025 dwell  HV HFW WD ‘mag = i 500 nm ! C%) 5/24/2025 dwell  HV "HFW WD mag @ PW : 50 nm
1 1:19:12PM  2.00ps 5.00kV | 259um | 40 mm @ 80000 x Helios . 1:29:28PM  2.00ps 5.00kV  319nm 4.0mm 650000x 104 pm Helios

Hummer XP Sputter Coating _ _
Au particle average diameter = 11.2 nm

actual thickness = 3.25 nm
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C% 5/24/2025  dwell HV HFW WD mag = PW 5/24/2025 | dwell HV HFW WD mag £ | PW
. 2:19:34PM 2.00ps 5.00kv  259pum 4.1mm 80000 x 843 pm 2:28:01 PM | 20.00 us | 5.00 kV 319 nm 4.1 mm 650 000 x 415 pm Helios

Quorum Q150V ES Plus _ _
AuPd particle average diameter ~ 8 nm

actual thickness = 3.25 nm
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square dose coeff. dose thickness (A

1 1 100
_ 2500 under good range over 2 2 200
bore exposed exposed 3 3 300
@ 2000 4 35 350

o 5 4 400 0

$ 1500 6 45 450 1998

£ 7 5 500 2404

1000 8 5.5 550 2677

9 6 600 2807

10 6.5 650 2880

500 11 7 700 2933

l 12 75 750 2956

0 13 8 800 2979

0 500 1000 1500 2000 2500 14 9 900 20992

dose (LC/cr?) 15 10 1000 2992

16 12 1200 3001

17 14 1400 2999

| B N B B B B B B N 18 16 1600 3003

19 18 1800 2993

G.'l." - 20 20 2000 2989

O @ @ 8 B
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SEM of 500 nm line/space
2% HSQ

1000 1250 1500 1750 2000 2200 2250 2500 2750 3000

1000 uC/cm?2 1750 uC/em2 2750 uC/cm2
avg line width = 416 nm avg line width =499 nm overexposed/residue

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

field 1 field 2... field 1 field 2 field3  field 4
1600 uC/crﬁ 1600 uC/crﬁ 400 puC/cm | 400 pClem 400 pClcrd 400 pC/em

D].OO T Dloo -
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single pass, neleeve 4 pass, 25% overlap, single sleeve

5/12/2025 HV HFW WD mag B 5. 5/12/2025  dwell HV HFW WD mag B | PW —100 nm—|
531:14PM  200ps 500kVv 829nm 25mm 250000 x i 4:50:00PM 2.00ps 5.00kv  829n$m 25 mm 250000 x | 270 pm Helios
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single pass, neleeve 4 pass, 25% overlap, single sleeve
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