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1DQRıXLGLF�ODE�RQ�D�FKLS�GHYLFHV�IRU�WKH�DQDO\VLV�RI�VLQJOH�'1$�PROHFXOHV�ZHUH�IDEULFDWHG�DQG�FKDUDF�

WHUL]HG�XVLQJ�),%�6(0��'LUHFW�),%�QDQRSDWWHUQLQJ�RI�VLOLFRQ�PDVWHU�VWDPSV�DOORZV�IDVW�SURWRW\SLQJ�RI�

QDQRFKDQQHOV�RI�GLĴHUHQW�VKDSHV��FURVV�VHFWLRQV�DQG�GHSWKV��0RUHRYHU��WKH�IDEULFDWLRQ�RI��'�VWUXF�

WXUHV��VXFK�DV�IXQQHO�VKDSHG�LQOHWV�WR�FRQQHFW�WKH�QDQRFKDQQHOV�WR�WKH�PXFK�GHHSHU�DQG�ZLGHU�PLFUR�

FKDQQHOV��LV�VWUDLJKWIRUZDUG��7KLV�LV�HVVHQWLDO�WR�HQVXUH�DQ�RSWLPDO�'1$�ıRZ�LQ�WKH�ıXLGLF�FKLS�[1]�� 

%\�PHDQV�RI�89�QDQRLPSULQWLQJ�WKH�SDWWHUQ�RQ�WKH�VLOLFRQ�PDVWHU�VWDPS�LV�WUDQVIHUUHG�WR�D�SRO\PHU�RQ�

JODVV�VWDPS��ZKLFK�LV�XVHG�DV�D�VWDPS�LQ�D�VHFRQG�89�QDQRLPSULQW�VWHS��WR�FUHDWH�WKH�DFWXDO�FKLS�� 

,Q�WKH�),%�6(0�QRW�RQO\�WKH�PDVWHU�VWDPSV�FDQ�EH�PDFKLQHG��EXW�WKH�HQWLUH�IDEULFDWLRQ�SURFHVV�FDQ� 

EH�PRQLWRUHG�LQ�D�QRQ�GHVWUXFWLYH�ZD\��=(,66�ORFDO�FKDUJH�FRPSHQVDWLRQ�HQDEOHV�KLJK�UHVROXWLRQ�6(0�

FKDUDFWHUL]DWLRQ�RI�WKH�KLJKO\�LQVXODWLQJ�SRO\PHU�RQ�JODVV�VWDPSV�DQG�GHYLFHV�ZLWKRXW�DQ\�PHWDO� 

FRDWLQJ�DOORZLQJ�XV�WR�XVH�WKH�GHYLFHV�DIWHU�WKHLU�LQVSHFWLRQ�

,QWURGXFWLRQ

Besides living habits and environmental factors, our genes 

GHWHUPLQH�RXU�SUHGLVSRVLWLRQ�WR�VXĴHU�IURP�FHUWDLQ�GLVHDVHV��

On the other hand, the medical treatment of a disease can 

EH�PRUH�HĶFLHQW�LI�WDLORUHG�WR�WKH�JHQHWLFV�RI�WKH�SDWLHQW��

(YHQ�WKRXJK�WKLV�QHZ�İHOG�RI�SHUVRQDOL]HG�PHGLFLQH�LV�VWLOO�

in an experimental phase, impressive results have been  

UHSRUWHG��OLNH�PRUH�HĴHFWLYH�FDQFHU�WKHUDSLHV�[2,3], the cure  

of genetic diseases [4] and disease prevention by lifestyle 

changes [5]. These advances show that personalized medi-

cine has the potential to revolutionize healthcare if fast and 

DĴRUGDEOH�'1$�VFUHHQLQJ�FDQ�EH�UHDOL]HG��

In the last decade, sequencing techniques have developed 

dramatically. However, they are still too slow and expensive 

to make personalized therapies accessible to the public.  

2QH�SURPLVLQJ�DOWHUQDWLYH�IRU�IDVW��VLPSOH��DQG�DĴRUGDEOH�

DQDO\VLV�RI�VLQJOH�'1$�PROHFXOHV�LV�RSWLFDO�PDSSLQJ�[6].  

7KLV�PHWKRGRORJ\�FDQ�EHQHİW�IURP�QDQRıXLGLF�FKLSV� 

SURGXFHG�E\�89�QDQRLPSULQW�OLWKRJUDSK\��89�1,/��[7,8].  

7KHVH�GHYLFHV�KDYH�QDQRFKDQQHOV��ZKHUH�WKH�'1$�PROH-

cules can be stretched and observed for analysis.

In this work, the nanochannels of silicon master stamps 

ZHUH�IDEULFDWHG�E\�IRFXVHG�LRQ�EHDP��),%��GLUHFW�OLWKRJUDSK\�

with ZEISS Crossbeam 550. Using this same instrument, the 

VXEVHTXHQW��GLĴHUHQW�E\SURGXFWV�RI�WKH�89�1,/�SURFHVV�

could be characterized by high-resolution scanning electron 

PLFURVFRS\��6(0���$�ORFDO�FKDUJH�FRPSHQVDWLRQ�WHFKQLTXH�

was used for the imaging of insulating materials.

0DVWHU�6WDPS�)DEULFDWLRQ�E\�),%

Figure 1 shows an SEM image of a master stamp after  

FIB nanopatterning. The master stamp is made of silicon.  

7KH�PLFURQ�VL]HG�ıXLGLF�VWUXFWXUHV��ZLWK�GLPHQVLRQV�RI� 

���ƑP�DQG�DERYH��ZHUH�SDWWHUQHG�E\�SKRWROLWKRJUDSK\� 

and reactive ion etching. Much narrower channels were 

patterned directly into the silicon master stamp by FIB. 

These nanochannels are less than 100 nm wide and 38 µm 

long. They connect top and bottom microchannels.

In the optical mapping experiment, whole molecules or 

IUDJPHQWV�RI�'1$�DUH�GULYHQ�WKURXJK�WKH�QDUURZ�FKDQQHOV�

by electrophoresis, i.e. by applying an electric potential 
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3URFHVV�&RQWURO�ZLWK�&KDUJH�&RPSHQVDWLRQ

7KH�DFWXDO�GHYLFHV�IRU�WKH�'1$�RSWLFDO�PDSSLQJ�H[SHULPHQW�

DUH�IDEULFDWHG�E\�PHDQV�RI�WZR�VWHS�89�1,/��VHH�)LJXUH����
[7,8]��,Q�D�İUVW�VWHS��WKH�),%�IDEULFDWHG�VLOLFRQ�PDVWHU�VWDPS� 

is imprinted into a polymer layer on a glass substrate, the 

polymer-on-glass stamp. In a second step, the polymer-on-

glass stamp is replicated again in the same polymer-on-glass 

system. Thus, after the two steps the original geometry of 

WKH�VLOLFRQ�PDVWHU�VWDPS�LV�UHFRYHUHG�RQ�WKH�İQDO�GHYLFH��

Both, the master stamp and the polymer-on-glass stamp 

can be reused, which makes the technique suitable for 

FKHDS�PDVV�SURGXFWLRQ�RI�QDQRıXLGLF�FKLSV�

Figure 3 Schematic of the two-step UV-NIL process for the mass fabrication 

of devices for DNA optical mapping.

Figure 2 SEM image of a silicon master stamp with meander nanochannels. 

The sample is tilted 54°.

Figure 1 SEM image of a silicon master stamp with straight nanochannels 

after FIB patterning. The inset shows the tapered nanochannel inlet.  

The sample is tilted 54°.

GLĴHUHQFH�EHWZHHQ�WKH�PLFURFKDQQHOV��6LQFH�'1$�KDV�D�QHW�

charge, it is driven into the nanochannels to pass from one 

microchannel to the other. Inside the nanochannels the 

'1$�PROHFXOHV�DUH�XQFRLOHG�DQG�HORQJDWHG��ZKLFK�HQDEOHV�

the optical mapping measurement [9].

7KH�WKUHDGLQJ�DQG�SUHVWUHWFKLQJ�RI�WKH�'1$�LQWR�WKH�FKDQ-

QHO�LV�IDFLOLWDWHG�E\�WKH�IXQQHO�VKDSHG�LQOHW��VHH�LQVHW��[1].

Such 3D structures can be fabricated easily by FIB direct  

lithography with the right choice of parameters. For this  

application, this is a key advantage as compared to other 

possible nanopatterning techniques. Another advantage of 

FIB direct patterning is that it allows for quick prototyping. 

Thanks to this, the layout of the nanochannels can be easily 

tailored to match the requirements of the experiment. As  

an example, Figure 2 shows meander channels with a total 

OHQJWK�RI�����ƑP�IRU�WKH�DQDO\VLV�RI�ODUJHU�'1$�IUDJPHQWV��

The channel width decreases from left to right as a result  

of FIB milling dose variation.

With ZEISS Crossbeam direct control of the nanochannel  

FIB milling was possible thanks to live SEM imaging at the 

instrument’s best resolution [10]. Thus, milling recipes could 

EH�RSWLPL]HG�HĶFLHQWO\�
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While SEM characterization of the silicon master stamp is 

straightforward, the polymer-on-glass system is challenging 

to image. Figure 4a shows the polymer-on-glass device  

imaged at 1.31 keV electron landing energy. In the SEM and 

even for low primary beam energies and currents, severe 

charging of the polymer-on-glass stamps and samples was 

observed. 

Therefore, we studied these samples using local charge 

compensation. This is a charge neutralization option  

available on ZEISS electron microscopes.

In short, a gas injection needle is placed near the sample 

DQG�GU\�QLWURJHQ�LQMHFWHG�WKURXJK�WKH�QHHGOH��)LJXUH��F���

The primary beam ionizes the gas and the ions neutralize 

any excess charge that has built up in the sample in a self-

sustaining manner. Because the nitrogen injection is local, 

the raise in chamber pressure is below 10-2 mbar and Inlens 

SE detection is still possible. Additionally, the short gas path 

OHQJWK�PLQLPL]HV�GHWULPHQWDO�VFDWWHULQJ�HĴHFWV��7KH�UHVXOW� 

is a clear and crisp SEM image as shown in Figure 4b.

Figure 4: SEM images of a polymer-on-glass stamp without (a) and with 

charge compensation (b). The inset (c) shows the principle of local charge 

compensation

With local charge compensation, we could compare the 

polymer-on-glass stamp with the corresponding original 

structure in silicon. An example is shown in Figure 5.  

Because the polymer-on-glass stamp was not coated for 

SEM observation, it could be reused in later experiments.

Figure 5 SEM images of a silicon master stamp with a meander nano- 

channel (left) and the same structure in the corresponding polymer-on-glass 

stamp (right).

/RFDO�FKDUJH�FRPSHQVDWLRQ�RQ�WKH�SRO\PHU�RQ�JODVV�VDP-

SOHV�SURYHG�YHU\�HĶFLHQW��,PSRUWDQW�GHWDLOV�RI�WKH�QDQR-

FKDQQHOV�FRXOG�EH�VWXGLHG�ZLWK�KLJK�UHVROXWLRQ��VHH�)LJXUH�����

LQ�SDUWLFXODU��WKH�FRQWLQXLW\�DQG�SURİOH�RI�WKH�QDQRFKDQQHO�

and the 3D shape of its two inlets.

Figure 6: Close-up images of the inlet (left) and bend (right) of a polymer 

nanochannel using local charge compensation.
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&RQFOXVLRQ

=(,66�&URVVEHDP�LV�DQ�H[WUHPHO\�XVHIXO�WRRO�IRU�UHVHDUFK�LQ�WKH�İHOG�RI�QDQRıXLGLFV�DQG�VLQJOH�PROHFXOH�GHWHFWLRQ�� 

The application described in this note is a good example.

2Q�WKH�RQH�KDQG��),%�GLUHFW�OLWKRJUDSK\�DOORZHG�IDVW�DQG�ıH[LEOH�SURWRW\SLQJ�RI�İQHVW�QDQRVFDOH�VWUXFWXUHV��LQFOXGLQJ��'�

shapes, in the silicon master stamps. On the other hand, SEM with the same instrument allowed optimizing and monitoring 

of the entire nanoimprint process without interfering with it. With local charge compensation, there was no need to sputter 

coat the insulating polymer-on-glass stamps, and they could be reused after their quality assurance.
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