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Content (75 +10 min) 

• Denmark, DTU, Danchip and CEN (5 min) 

• Nanopore DNA sequencing (6 min)  

• Ice lithography (15 min) 

• Quiz (5 min), Break (10 min) 

• Organic ice resists for 3D nanolithography (15 min) 

• Future research: 3D-OPE (5 min)  

• Group work: 25 min: Please help me!  
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Technical University of Denmark 

• Established 1829 by HC Oersted 

• 1339 Faculty and Researcher  

• 1540 Administrative and technical staff 

• 6800 Undergraduate and Master student 

• 1201 PhD students 

• 26 Departments 

• 30 min drive from Copenhagen Airport 
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150 nm half pitch 
80 wafers/hour 
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Cleanroom  

300 kV aberration corrected 
environmental TEM 
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Organic Ice 

for 3D electron beam patterning ?! 

 

 

How did you get this  

“seemingly implausible (SI)”  

idea? 

8 19 July 2018 
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3 Decades of Nanopore DNA sequencing 
• Nature Biotech review with 3 

authors. 
 

2016 

Presenter
Presentation Notes
The goal and objective of the Harvard Nanopore group is to construct a chip that does de-novo single molecule DNA sequencing. This slides shows the envisioned devices which is a solid state nanopore with an embedded nanotube sensor. The sensor works in the following way. The single stranded DNA molecule translocates through the nanopore and the embedded nanotube sensors would read the DNA bases. 
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Seemingly implausible  
Nanopore DNA sequencing idea (1989) 
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2018 Oxford Nanopore Technologies, 
4th Gen DNA sequencing 

11 19 July 2018 
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Sequencer on ISS 
  

12 

2018 
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Envisioned (SI) Nanopore DNA sequencing device 2005 

Dan Branton 

Mole. Bio. Harvard 

Jene Golovchenko 

SEAS, Physics, Harvard 

Presenter
Presentation Notes
The goal and objective of the Harvard Nanopore group is to construct a chip that does de-novo single molecule DNA sequencing. This slides shows the envisioned devices which is a solid state nanopore with an embedded nanotube sensor. The sensor works in the following way. The single stranded DNA molecule translocates through the nanopore and the embedded nanotube sensors would read the DNA bases. 
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Electrical contacts to carbon nanotubes by 
electron beam lithography 

Presenter
Presentation Notes
One of the challenges of making the envisioned devices is to make electrical interconnections to the nanotubes by e-beam lithograhy. The process is shown in this slide. We start with a silicon dioxide coated silicon sample with carbon nanotubes grown by CVD. Because the nanotubes are randomly orientated we need AFM mapping to co locate the nanotubes. Then we spin coat with PMMA, and do E.beam exposure, develop, evaporate metal and do lift off. This looks very straight forward and easy on a PPT presentation, but in reality this process is serial and time consuming. 
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Presenter
Presentation Notes
First we had to do the AFM in our lab, then we would then goto the nanofab and work with the wetbench to coat the sample with PMMA. After that we would goto the e-beam and do exposure and etc. If everything is working nicely and I am able to book the machines, it takes about 2 days go through this process. 
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Aligning nanotube with nanopore 2006-2007 

Pd contact 

nanopore 
nanotube 

nanotubes  

original location 

Presenter
Presentation Notes
After making electrical interconnections to the nanotube, we align the nanotube with the nanopore. We do this by drilling a nanopore in proximity of the nanotube and move the nanotube across the pore by AFM. This is an AFM image of the nanotube moving process. This is the on of the palladium electrical interconnection. This dotted white line is the nanotubes original location. However the nanotubes are partially buried under PMMA residue, what we also call scum in the MNE community. So we had to dig out the tube and move it into the aligned position. The scum is rather soft and tip of the AFM would make visible scratches. PMMA Resist residue contamination was not acceptable. We must avoid scum. This gave us the motivation for ice lithography development. 
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I have this great (SI) idea! 
 
Lets use water ice as an e-beam resist!  
 
Water is so much cleaner! I used to study 
proton - water ice interactions at Bell Labs.  

17 

Jene Golovchenko 

I joined the group in 2008. 

Dan Branton 



16 April 2018 DTU Danchip CEN, Technical University of Denmark 
    

     
   



16 April 2018 DTU Danchip CEN, Technical University of Denmark 
    

     
   

We can pattern on non-planar samples! 

19 

Han et al. 2012, Nano Letters 
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Si3N4 AFM cantilever 
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1 µm 

Metal coated apex: 1 nm Ti/ 20 nm Au 
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TEM grid, Si3N4 membranes, 20-60 nm thin 
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1 nm Cr + 5 nm Pd 
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100 nm 
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A. Han et al. 2012  
100 nm 
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ice lithography instrument 

26 

Han et al. 2011 Rev. Sci. Inst 
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Advantages 

• Non-planar and extremely fragile substrates 

• High resolution: sub-10 nm  

• Rapid and resource efficient: prototype in 3 h 

• Clean: no resist contamination 

• Fabrication of nanodevices 

 

Presenter
Presentation Notes
I would like to wrap out my talk. Last year I presented that we could use ice lithography to pattern on non planar and extremely fragile substrates. I also showed sub 10 nm line width. Today I show evidence that ice lithography is resource efficient for making nanodevices. We can get results in 3 hours. And I presented pristine and functional nanodevices.  
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Draw backs 

• All processes at cryogenic temperatures 

• High critical dose: 1C/cm2 

• Advanced instrument, high cost 

Better ices? 
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Quiz 

1. What does SI in the presentation stand for? 

2. How many authors on the “3 decades of Nanopore DNA sequencing” 

paper?  

3. How is “scum” removed?  

4. How many nm are the smallest patterns made by ice lithography?  

5. What is the critical dose for water ice resist?  

6. Advantages of ice lithography? The more the better.  
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Answers 

1. What does SI in the presentation stand for? Seemingly implausible 

2. How many authors on the “3 decades of Nanopore DNA sequencing” 

paper?      3 

3. How is “scum” removed?    Oxygen plasma 

4. How many nm are the smallest patterns made by ice lithography? 6 nm 

5. What is the critical dose for water ice resist?  1 C/cm2 

6. Advantages of ice lithography? The more the better.  
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10 min break, and bring your laptops 
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Seemingly implausible  
 

nanoscale 3D print of  
 

functional materials?  
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How many organic chemists are there? 

40 
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Branches of Organic Chemistry 

•Metalorganic chemistry 

•Polymer chemistry (dielectrics) 

•Semiconducting organic chemistry 

•and many more.  

41 
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• Killer application? What would you 3D print? (15 min) 
 

• Present your killer application to the class.  
– 2 min for each group,  
– 2-3 slides 

 
• Vote for best killer application measured in impact: 

– New needs, saving lives, market size, live better and longer, solve big  
problems  

 
• Winners shares a gift from Denmark.  

Group work: 3-4 people in each group  
(25 min)   
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