Structures of ~100 nm Size Produced by Atom Lithography with Metastable He
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Abstract Nanoscale Patterning
PHYSICAL MASK:

We have performed neutral atom lithography using a bright beam of
metastable 2°S, Helium (He*) that is collimated with the bichromatic force

and subsequent optical molasses. Incident He* atoms damage the molecules of

30 um

a monolayer of resist by depositing their 20 eV of internal energy in a pattern
determined by a mechanical or "optical" mask, and a chemical etch then
imprints this pattern on a 20 nm underlying gold layer. We make lines
separated by A/2 that cover the entire 3 x 3 mm of the exposed substrate.
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*All of the collimation stages use only 8.2 cm of the atomic beamline. B
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which destroys the alkanethiol
molecules of the SAM on impact.

EXPERIMENTAL SETUP
Metastable Helium Experimental Chamber
| T 9 Fv.s]CPm Phosphor : R i’..
lonization limit 2459 eV e “ 3 20 0pm0
— ) Line out of pattern created by 1083 nm optical mask
24 = 8.773 GHz ‘ 2-0 il o o 124 """""""""""""""
T=106.83ns L _ [
0,699 Gz Collimation roan  Lithography | ﬂ 10 ! ﬁ "\ A ﬁ p
- : L9 Regi I | SRt :
e RN R $50 . ) | PR Y i b,
s —n o] () Stage: s |l 1 £ o o T
3 i \ I n‘; — SSD detector g 40” I ‘ T}’rﬁ ?Ii‘ &]F‘*‘. L&{ ﬁ} )li ﬁ H | -.5’ 6 II tf k { 1 }I tj il 1 tii
E L —/U_Uj ::n: i?[m e 8 : ! ﬁI‘F l | 14 4 rn | % 4:
: Flin O, r AL R AR
21 — 1=98.04ns _ - . I -l Ih r ' - ¢
(22012 GHz ..'I et Heln — — Z'ﬂ J ak 1 “HL\'JX: ! } g I{ b
T ,f v i L . ": 0 - 1 1 d | s L
20 27, ) / = = -6 -4 -2 0 2 4 6 0O 1000 2000 3000 4000 5000
T VNV Frequency [cycles/um] Horizontal Position [nm]
\VaVaVava'a'a
A L 19.8eV £
_ L 389 nm OPTICAL MASK:
0= 10t e
2°P, -2 - 0 ! 2 J=2 AtOmiC Beam 2.0 B ’I 200 —
6 3 3 6 g |
. ||] 3 15.0 —
3 4 3 The reverse flow DC discharge source Atom Flux | ; § 3 o
produces He* atoms with a v=1000™/ [10° atO”Z“S] - | g n ' |
A \ and a flux of ~0.5%10!4atoms/  []], SRR | s
2°8, J=1
m,= -1 0 1 y [mm] 0 L&
T = X [mm e
| LITHOGRAPHY PROCESS
He* has 20eV of internal energy B

5.0umo

ollimated He* beam limated He* beam
dosage ~ 3 x 10%&°ms/ mm?

ak dosage ~ 3 x 10%a°ms/ mm?

Physical < e Optical , W \ - R . ﬁ
PPz Vo [ R P R NE | : : «
Mask PabZals B g :Eg 7 Mask e 150 | i f | 18; i : A % |
P AR DO B AT Y ' AII A 5{ Y ik
o k l |'Ir|| ! ‘ \ |lII 1 1| 8 (3 F : '“
S Al S s sef At OB 0 S I AR AA RN T szﬁémr%{{“ﬂ
Monolayer (L Monolayer . ¢ & i ] By, i".f" ||H ! L'.II N IRV ] 5 15 P ¥H } { } : w i 3§ iii} I 1
(SAM_)— ) * (SAM.)- S 130f| ’h “' '% . { | : ls' \M II || ' ) 14ﬁ g tf ifﬁ{ 9 t If t‘ iII Ik: U' }[ %
B R R ks . pri Bt Y n S S LA 1
odecanethio _ . 120,||| II*H|l| ’) M I,fl|| “V 13 k i $ %iﬂj J ]1 1‘:
Ti adhesion layer ~50A | . [ Ti adhesion layer ~50A | L 1 10 F‘I ﬁl‘J 1 ‘ l‘lf l"lt' 12 g y .é
Silicon Wefer Silicon Wefer _5 0 5 0 1000 2000 3000 4000 5000
Frequency [cycles/um) Horizontal Position [nm]
References: Further Reading:

1. J.Kawanaka et. al. Appl. Phys. B 56 21-24 (1993) M. Cashen et. Al. J. Opt. B: Quantum Semiclass. Opt. 4 75 (2002) Supp()rted by ONR and
2. C.Allred, et. al.J. Appl. Phys. 107,033116 (2010 D. Meschede, H. Metcalf, J. Phys D: Appl Phys. 36 R17 (2003) .
PRI (010 o APREE ( Department of Education



