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1958



Moellenstedt and Speidel, 1960
One of the first examples of  
‘Nanowriting’ using a modified 
transmission electron microscope to 
deform a collodion film and then 
shadowing with evaporated metal 
(G. Mollenstedt and R. Speidel, 
Physikalische Blatter, February 
1960).

Pease, 1963 SEM 5 (Tx-mode),  
Free-standing contamination 
‘Structures’



5.9µm

Tom Newman, Ann Marshall, Stanford, 1985





Examples of More Flexible Tools
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For 1cm2/s EBL at 22nm we need distributed-axis electron optics
DIFA (Groves, Leica and Pickard, Stanford Univ)



Shot noise

Turnstile emission

Random emission



Europhysics News (2004) Vol. 35 No. 5
Ion tracks – a new route to nanotechnology
Alois Weidinger, Hahn-Meitner Institute Berlin, Berlin, Germany

FIB exposure:
moved ‘beam position’ after 
monitoring 1 ion landing.

Deflector

Ion Source

Single-ion detector

Opportunity: Do something about the shot noise: realize the single-quantum feature
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Intel

110 nm Half-Pitch

ftp://download.intel.com/research/sili
con/BorodovskyPhotomaskJapan040
2pres.pdf

1.13 µm2 cell by 193 nm 
lithography & phase masks (2002)

Reduction:
-- 6X in linear
-- 30X in area

0.04 µm2 cell by 
nanoimprint lithography

Princeton

20 nm Half-Pitch

Austin and Chou to be published
Nanonex NX-2000 NIL machines
Nanonex NXR-2010 resist

Comparison of SRAM Metal Layers by 65 nm Node 
Photolithography & Nanoimprint lithography

Intel / Princeton



Shevchenko et al.
Nature,439, 5Jan2006, p.55

Binary Nanoscale Superlattices



Binding Agents Are Highly Specific

Derivatized phage bind to 
GaAs but not SiO2



100 nm section

50 nm section

Sectioning as a route to nanostructures…

Unpublished results



Conclusions

• Very low volume nanofabrication is well 
established,

• Manufacturing at the nanoscale presents major 
challenges: pattern generation, economic 
throughput, placement, assured freedom from 
defects,

• There are many opportunities for improvement. 
New ideas are continually emerging. They need a 
disciplined approach.


