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What is TipWhat is Tip--based lithography and “DPN”?based lithography and “DPN”?

D. Ginger et al Angew. Chem. Int. Ed. 2004, 43, 30– 45

“Dip-pen nanolithography”
Mirkin et al. Science, 1999



“Molecular inks” “Liquid inks”
Early DPN work…  1999 to present Biomaterials work… 2010 +



NanoNano toolstools
‘M-type’ inkwells

‘M-type’ pens

20 µµµµm 10 µµµµm

Side M-1

Side M-2



The scale: writing onto a human hair…The scale: writing onto a human hair…

(Sarah(Sarah-- Marketing Manager)Marketing Manager)
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Hair from Sarah’s head!Hair from Sarah’s head!





Molecular InksMolecular Inks • Alkanethiols

• Silanes

10’s nm10’s nm
toto
µmµm’s’s



Control of molecular ink depositionControl of molecular ink deposition

•• HumidityHumidity
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•• Dwell timeDwell time ••TemperatureTemperature





• Early DPN work focused on the small size of 
features.

• Optimized template size to 350 x 110 nm.

Tubular aspect ratio  

Using DPN to create templates for virus deposition…

16-mercaptohexadecanoic acid (MHA)

11-mercaptoundecyl-penta(ethylene glycol) 
(PEG-SH) 

Tubular aspect ratio  
18 x 300 nm

Vega, R.A., et al. Angew. Chem. Int. Ed., 2005. 44: p. 6013-6015.



Using DPN to create templates for virus deposition…

Single Tobacco Mosaic Virus

Vega, R.A., et al. Angew. Chem. Int. Ed., 2005. 44: p. 6013-6015.



5x107/cm2

Continuous, Flexible Nanoropes  SWNT Architectures

2 µm

CNT manipulation 
precisely

controls:

� placement
� orientation
� shape

Templates for CNT deposition and organisation
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5 µm

120 nm

2 µm

Wang et al. PNAS 2006,103, 2026-2031.

AC mode topography images of SWNTs 
attached to MHA affinity templates



SilaneSilane patterning for protein patterning for protein immobilisaitonimmobilisaiton

Glass and silicon / silicon oxide substrates



3 s 1 s

0.5 s0.1 s

LFM image of 
silane spots

SilaneSilane patterning for protein patterning for protein immobilisationimmobilisation

Dwell Time Dependence

0.5 s 1 s 3 s

Fluorescence 
image of protein 

bound silane spots





Example of Top Down Nanofabrication: AuExample of Top Down Nanofabrication: Au

Au
Ti
Si

LFM

Topograph
y

- Very fast iteration.
- No need for new mask for each pattern



Creating structures in Si or AuCreating structures in Si or Au

Zhang et al. Small, 2007. 3(1): p. 81-85.



Example structures in Si or AuExample structures in Si or Au

Zhang et al. Small, 2007. 3(1): p. 81-85.



Example structures in Si or AuExample structures in Si or Au

• Scalable over larger 
areas.

• Sharp or angled 
features depending on 
the process / substrate.

• Nb. Can add further 
DPN steps to build up a DPN steps to build up a 
complex nanostructure 
(e.g. polymers or 
biomolecules).

Zhang et al. Small, 2007. 3(1): p. 81-85.



tDPNtDPN Mask Writing: Mask Writing: GrapheneGraphene structuresstructures

23Sheehan et. al. Nano Lett. 2011, 11, 5461–5464 



tDPNtDPN Mask Writing: Mask Writing: GrapheneGraphene structuresstructures

•• In t-DPN the solid ink 
(polystyrene) deposits directly 
to the surface.

• Polystyrene by tDPN
adheres strongly to single 
layer graphene.
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• Lines from 300 to 35 nm.
•Tip speed up to 40 µm.s-1

• Ordering process during 
deposition increasing 
performance of the mask.

Sheehan et. al. Nano Lett. 2011, 11, 5461–5464 



GrapheneGraphene NanoribbonsNanoribbons

Yun-Sok Shin et.al., J. Am. Chem. Soc. 2011, 133, 5 623–5625



Making a Making a graphenegraphene device using DPNdevice using DPN
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Making a Making a graphenegraphene device using DPNdevice using DPN
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Liquid InksLiquid Inks
• Polymers or any viscous chemical…

• Protein, DNA, lipid solutions…

100 nm100 nm
toto

10 10 µµmm





Example of direct deposition: polymer inksExample of direct deposition: polymer inks

• Hydrogels

• Acrylic polymers

• Conductive polymers

• Biopolymers

• Optically active materials (e.g. 

light converting polymer), 

near field sources.near field sources.

Example polymer lens shapes.

Truxenes: A. Hernandez-Santana et. al. J. Mat Chem. 2011.
PDMS: D Graham et. Al, Chemical Science 2011.



Example of direct deposition: polymer inksExample of direct deposition: polymer inks

• Polymers

• Nanoparticle solutions*

• Composite nanomaterials

• Biopolymers

• Optically active materials**

Example polymer lens shapes.

Conductive ink: Wang et al., APL 93, 143105, 2008  



On glass slide On silicon oxide

UV Curable polymer writingUV Curable polymer writing

Diameter: 2.5 µm
Height:  118 nm 

Diameter: 1.2 µm
Height:  32 nm 



Smaller structures created by liquid inksSmaller structures created by liquid inks
Average height = 37 nm
Average peak width = 90 nm
Average base width = 200 nm

Uses higher molecular weight PEG-DMA. 
•• Higher viscosity results in smaller features.Higher viscosity results in smaller features.



Conductive polymer featuresConductive polymer features

35Nakashima et. al. Langmiur 2012 



Conductive polymer featuresConductive polymer features
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poly(3,4-ethylenedioxythiophene)

Nakashima et. al. Langmiur 2012 



tDPNtDPN: : NanoparticleNanoparticle--polymer compositespolymer composites
November 22, 
2012

37Sheehan et. al. Nano Lett. 2010, 10, 129-133



NanoparticleNanoparticle--polymer compositespolymer composites

38Sheehan et. al. Nano Lett. 2010, 10, 129-133



Ordering processes during composite depositionOrdering processes during composite deposition

39Sheehan et. al. Nano Lett. 2010, 10, 129-133



Model scaffolds for bioengineeringModel scaffolds for bioengineering

Random electrospun polymer scaffold Example: MSC on PDMS dot array (DPN)

Hydrogel lines: DPN Acrylic polymer dots: DPN



Polymer PrintingPolymer Printing
• UV curable polymer printing to silicon oxide surface.
• Dwell time principally controls feature size.
• ** Multiple polymers / compositions / levels of doping on each tip **



Polymer Printing: flexibilityPolymer Printing: flexibility

0.8 mm 66 microns

• The versatility of the technique allows 
rapid prototyping of almost any structure.

• This can be almost any liquid material.



Polymer Printing: Polymer Printing: TapeiTapei 101 Tower….101 Tower….

NLP : very simple to operate.





GrapheneGraphene processingprocessing
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Sheehan, King, et al,  Science 2010



• Substrate independent 
lithography. Flexible 
chemistry allows 
deposition onto almost 
any surface.

•Surface prepared by CVD 
[chemical vapor 

In Situ “Click” chemistryIn Situ “Click” chemistry

Hsien-Yeh Chen, Michael Hirtz, et. al. JACS, 51(132), 18023-5, 2010.

Azide  dye

Biotinylated  dye, 
incubated with 
strepavidin 
conjugated Np’s

[chemical vapor 
deposition] as little as 10 
nm thickness.

• Local chemistry is 
directed  by DPN. 

• Liquid inks enable 
multiplexed depositions.



• Deposit small amount 
of reaction material.

• Perform localised 
reactions and 
processes.

•Small volume critical.

Metal organic frameworksMetal organic frameworks

Carbonell et al. JACS 2011. 133: p. 2144-2147.

•Small volume critical.

• DPN allows smaller 
crystals to be achieved-
potentially…

• Generic method could 
be applied to almost any 
material. e.g. sol-gels.
•(e.g. Mirkin 2002)



Au Au nanoparticlenanoparticle deposition by block copolymerdeposition by block copolymer

4820202–20206 ∣ PNAS ∣ November 23, 2010 ∣ vol. 107 ∣ no. 47



Au Au nanoparticlenanoparticle deposition by block copolymerdeposition by block copolymer

4920202–20206 ∣ PNAS ∣ November 23, 2010 ∣ vol. 107 ∣ no. 47



••Printed solution is a PPrinted solution is a P22VPVP--
PEO block coPEO block co--polymer with polymer with 
dissolved transition metal salt: dissolved transition metal salt: 
AuClAuCl33, , IrIrClCl33, Fe(NO, Fe(NO33))22, , 
Ni(NONi(NO33))22,CrCl,CrCl22, C, C44KK22OO99Ti. Ti. 

Fabrication Fabrication in situ in situ using block cousing block co--polymerpolymer

Print using DPNPrint using DPN

••Upon heat treatment in air the Upon heat treatment in air the 
polymer is decomposed and the polymer is decomposed and the 
metal ions are either reduced (Au metal ions are either reduced (Au 
or or IrIr) or combined with O) or combined with O22 to form to form 
an oxide (Fe or Ni).an oxide (Fe or Ni).

Heat treatment 360 Heat treatment 360 °°CC

Internal NanoInk data (under review J. Mat Chem.)



NanoFabrication Systems

100 microns100 microns



NanoFabrication Systems

100 microns100 microns



NanoFabrication Systems

100 microns100 microns



One example of particle size distribution (Au) One example of particle size distribution (Au) 
0.00015 M concentration0.00015 M concentration

Diameter (nm)

Minimum 578.33

Maximum 861.37

Mean 761.64

Std. Dev. 39.33

CV 5.2%

As printed polymer/AuAs printed polymer/Au3+ 3+ dot  dot  
0.02 second dwell time0.02 second dwell time

CV 5.2%
Imaging by dark field microscopyImaging by dark field microscopy

Imaging by AFMImaging by AFM

Diameter (nm)

Median 38.56

Minimum 32.87

Maximum 42.82

Mean 38.44

Standard Deviation 2.34

CV 6.1%

After heat treatment After heat treatment 

95% Reduction in size95% Reduction in size
Internal NanoInk data (under review J. Mat. Chem).



Carbon Nanotube growth from Cobalt centersCarbon Nanotube growth from Cobalt centers

Internal NanoInk data (under review J. Mat. Chem).





DPN using LipidsDPN using Lipids

DOPC Lipid Patterns

Steven Lenhert  et. al. Small  2008, 4, No. 10, 1785–1793



Direct deposition of multiple proteins from liquid ‘ink’Direct deposition of multiple proteins from liquid ‘ink’



Controlling the number of proteins depositedControlling the number of proteins deposited

Maspoch et al. Adv Mater. (2010), 352-355



Controlling the number of proteins depositedControlling the number of proteins deposited

Bellido et al. Adv Mater. (2010), 352-355 

55 g.L -1



NanoArraysNanoArrays for diagnostics (ELISA type)for diagnostics (ELISA type)

‘Nanotiter cartridge’

96 sub array48 sub array



NanoinkNanoink test formattest format
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Sample volumes….Sample volumes….

Low Sample Volume 1-2 µL 
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Each sub-array can contain up to 48 capture proteins . Only 1 t o 2 uL of
sample is needed for each of the 96 sub-arrays. The entire ass ay can be
performed in 6 hours.

Close-up view of one of 96 sub-arrays 



Benefits of scale differenceBenefits of scale difference

Conventional 100µm 
microarray spot

• Highly reproducible features

• Improved spot morphology

• Less sample requirements

• Low non-specific binding

Approximately 250 nano-scale features 
(6.6µµµµm apart) within a conventional 100 µµµµm 
spot

• Faster reaction kinetics

• Standard protocols

• Higher Sensitivity



High Resolution nano-scale 
immunoarray printed with 
NanoInk’s NLP 2000 (50X) 

Microscale immunoarray 
printed with conventional 
contact printer (5X)

Microarrays v Microarrays v NanoarraysNanoarrays::

Nanoscale array versus conventional microarray



Splashing  and 
Aerosolization

Materials handling: Micro v Materials handling: Micro v NanoarraysNanoarrays……

NanoArrays maintain conformational integrity for most 
biological structures

Force (Inkjetting) Gentle Deposition  (DPN)



SPLASHING
EFFECT OF 

INK JETTING

AEROSOLIZATION
EFFECT OF INK 

JETTING

Microarrays v Microarrays v NanoarraysNanoarrays: effect of force: effect of force

• NANO ARRAYS 5 µm Features (10 mg/ml) – Volumes are in Femto/Atto Litre   

Intra Array CV <5%                                  Inter Array CV% <8%
GENTLE DEPOSITION GENTLE DEPOSITION



Comparison of Nanoarrays (           ) to Microarray s (          )

IL-1βIL-1α

Microarrays v Microarrays v NanoarraysNanoarrays: SENSITIVITY: SENSITIVITY

NanoArray Vs Micro Array – Piezo-controlled Ink Jet (vendor)

IFNγ



Cytokine NanoInk 
Assay
LLOQ 
(pg/ml)

Luminex
Assay
LLOQ 
(pg/ml)

IL 1 ββββ 0.20 11

IL 2 1.85 10

Cytokine kit: SENSITIVITY AND MULTIPLEXCytokine kit: SENSITIVITY AND MULTIPLEX
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IL 4 0.79 2

IL 5 0.30 1

IL 6 0.38 5

IL 8 0.47 4.1

TNF αααα 1.23 3.6

IFN γγγγ 4.21 6

••Versus bead basedVersus bead based-- assayassay
(University of Illinois)(University of Illinois)



PSA detectionPSA detection-- SENSITIVITY SENSITIVITY 
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AngiogensisAngiogensis kit: SPECIFICITYkit: SPECIFICITY
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Dried blood spots: DIFFICULT SAMPLEDried blood spots: DIFFICULT SAMPLE

• DBS collects only 50 µL per sample compared 
to 10 mL for large blood draws (3 mm punch of 
blood which must be eluted for analysis). 

• DBS can also be used for patient populations 
where sample size is problematic such as 
neonates, tissue lysates. 

• The recoveries and CVs are difficult because 
of small sample size. 

72

of small sample size. 



XenograftXenograft mouse tumor mouse tumor lysateslysates: LOW VOL : LOW VOL 
•A major limitation of screening for tumor lysates is the limited quantity of sample 
available. 

• Each sample well required only 4 µL of sample and provided 48 data points per well. 
LLOQ of 12.03 pg/mL for VEGF and 3.02 pg/mL for Angiogenin. 

73



Kits developed by NanoInk Kits developed by NanoInk 

1. 10- Plex Human Inflammation Cytokine Kit -
� IL-1α, IL-1β, IL-2, IL-3, IL-4,IL-5,IL-6, IL-8, IFN-γ and TNF- α

2. Angiogenesis  Kit - Available 

� bFGF, HB-EGF, EGF, PIGF, VEGF, HGF, IL-8, and TNF-α

74

� bFGF, HB-EGF, EGF, PIGF, VEGF, HGF, IL-8, and TNF-α

3. Renal Toxicity Kit
� KIM-1, Albumin, β2-macroglobulin, 

Cystatin C, Clusterin
and Trefoil Factor-3



Validated tests developed by NanoInkValidated tests developed by NanoInk

• Human Serum

• Human Tumor Needle Aspirates

• Breast Fluid Cancer Biomarkers (2.5µl of sample)

• Human Tumor Lysates from Mouse Xenograft models

75

• Mouse Serum

• Rodent Urine Toxicology Analysis (< 10 µl of sample)

• Dried Blood Spot Samples (1.7 µl of serum)

• Tissue Culture Media

• Tears samples (1- 2 µl of sample)





SOFT STRUCTURES: Printing to pillarsSOFT STRUCTURES: Printing to pillars
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SOFT STRUCTURES: PDMS patternSOFT STRUCTURES: PDMS pattern



MICROFLUIDICSMICROFLUIDICS

-- Faster kinetics = more rapid time to result in assay.

- DPN allows more complexity to be printed into  limited area.

- Allows analysis of very small volumes = greater sensitivity.



ELECTRONICSELECTRONICS
Writing with 10 micron cantilever Writing with 2 micron cantilever

A B

Cantilever
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Pattern

General method: General method: 

•• Pattern metal salt solPattern metal salt sol--gel (e.g. Au/Pt)gel (e.g. Au/Pt)

•• Heat (200Heat (200--300˚C)  or reduce in situ using 300˚C)  or reduce in situ using boraneborane methyl sulfide.  methyl sulfide.  



ELECTRONICS: ELECTRONICS: 
Accurate deposition of conductive tracesAccurate deposition of conductive traces
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500 nm



PhotomaskPhotomask repairrepair

A

A

3D AFM Topographic Image of a Defect Before and After Repair
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nm
nm

2.66 µm
nm

nm

2.66 µm

•• Precise alignment to Precise alignment to 
very small features.very small features.

•• Single ink.Single ink.



Direct deposition into Direct deposition into nanowirenanowire biosensor chipbiosensor chip

Transistor Device Transistor Device

•• Direct patterning of Direct patterning of AbAb to to nanowirenanowire sensor device.sensor device.
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DPN used to functionalise a plasmonic microstructure

Stokes et al. Chem. Commun. (2008), 5734-5736



DPN used to functionalise a plasmonic microstructure
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Controlling Cell Behavior with Controlling Cell Behavior with NanopatternsNanopatterns

Hoover et. al. J. AM. CHEM. SOC. 2008, 130, 3280-3281



Creating RGD (peptide) Creating RGD (peptide) 
patterns  for cell patterns  for cell polarisationpolarisation::

90Hoover et. al. J. AM. CHEM. SOC. 2008, 130, 3280-3281



Pattern Resolution and PitchPattern Resolution and Pitch

500 nm              1.67 µm 

Feature Size Pitch

500 nm               3.33 µm 

500 nm               3.33 µm 

500 nm               3.33 µm 

Pattern

1

2

250 nm               3.33 µm 

500 nm               1.67 µm 

125 nm               1.67 µm 

500 nm               1.67 µm 

500 nm               3.33 µm 

500 nm               1.67 µm 
3

4

5



Pattern 1Pattern 1



Pattern 2Pattern 2



Pattern 3Pattern 3



Pattern 4Pattern 4



Pattern 5Pattern 5



UltramicroscaleUltramicroscale Cell Binding PatternsCell Binding Patterns

Direct patterning of Direct patterning of 
revelvantrevelvant materialsmaterials
(liquid ink)(liquid ink)



Expanding ECM Protein LibraryExpanding ECM Protein Library

Laminin – Green (900 kDa) – [0.71 mg/ml]
Fibronectin – Red (440 kDa) – [1 mg/ml]

50 µm

** Enables co** Enables co--culture **culture **

Vitronectin – Magenta (65 - 75 kDa) – [1 mg/ml]

50 µm

Tenascin C – Yellow (280-300 kDa) – [0.1 mg/ml]

50 µm



Differential binding affinity enables co-culture
Fibronectin

Single Cell Single Cell MicropatterningMicropatterning

Laminin

Collins and Nettikadan, Analytical Biochemistry, 2011 (in press)

3T3 fibroblasts



Biomaterials libraryBiomaterials library
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Live single cell arrays: basic conceptLive single cell arrays: basic concept

1) Print 1) Print FibronectinFibronectin 2) P2) Printrint gel/carriergel/carrier



Exposing single cells to varying concentrations of the Exposing single cells to varying concentrations of the ActinActin filament filament 
inhibitor inhibitor CytoclaisinCytoclaisin D.D.



Targeted deliveryTargeted delivery-- example example 

NIH 3T3 cells 
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Gelatin- Calcein-AM           Calcein-AM-Red           DMSO control 



Cell cultureCell culture-- create topographycreate topography



Cell cultureCell culture-- topographytopography

*** DPN potentially allows *** DPN potentially allows 
control of topography control of topography 
AND chemistry… ***AND chemistry… ***



Cell motility on DPN generated tracksCell motility on DPN generated tracks
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Fibronectin and Laminin tracks are 500 micron long, 20 micron wide and 
spaced approximately 120 micron from each other.



Summary

• Feature sizes: 10’s nm  to 10 µm scale

• Wide range of inks: e.g. nanomaterials, polymers, etch materials, protein 
solutions, DNA solutions. 

• Pattern to almost any surface, SiN, Glass, epoxy, nitrocellulose.

• Biocompatible (soft process- in physical terms)

• Multiplexing possible with nanoscale registry.

• Scalable over large areas, quickly.

• Addressable patterning- chips, sensors, microchannels 



Precise control of cellular microenvironmentPrecise control of cellular microenvironment

• SINGLE CELL COCULTURE 
• Cell-cell signaling, Cell-matrix effects

• Mechanism of progenitor cell differentiation
• Model of various disease states 
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• TARGETED DELIVERY
• Cytotoxicity (LD50)
• Inhibitory effect (IC50)
• Gene or protein expression
• Targeted transfection.



Diverse applications…

Deposition to existing structures and chips

Patterning for cell biology

Multiplexed depositions

Photonic/electronics structures
Direct deposition of polymers



Technical enquiries: Robert Stokes: rstokes@nanoink.net

Sales, Europe: Robert Marchmont: rmarchmont@nanoink.net

Turkey distributor: Veysel Ozkapici: bilgi@bnmfabrika.com
BNM Fabrika     www.bnmfabrika.com
+(0) 533 214 49 77

Thanks for your attention!Thanks for your attention!

+(0) 533 214 49 77

Application notes and information:   

www.nanoink.net



NanoFabrication Systems

Tools for multiplexingTools for multiplexing
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1D and 2D Automated Leveling Apparatus1D and 2D Automated Leveling Apparatus

•Capable of leveling  1D or 2D Tip Arrays of up to several million tips
•Leveling accuracy of 30 nm across a 5 square MILLIMETER array
•Automated leveling in under 2 minutes



NLP 2000: NLP 2000: NanoNano Lithography PlatformLithography Platform



NanoFabrication Systems

NanoInk’sNanoInk’s MEMSMEMS

DPNDPN®® Pens and Pen ArraysPens and Pen Arrays
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NanoFabrication Systems

NanoInk’sNanoInk’s MEMSMEMS

DPNDPN®® Pens and Pen Arrays: Nominal specificationsPens and Pen Arrays: Nominal specifications
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NanoFabrication Systems

NanoInk’sNanoInk’s MEMSMEMS

DPNDPN®® Inkwell ArraysInkwell Arrays

UniversalUniversal

12 Reservoirs12 Reservoirs
66 um66 um
69 um69 um
70 um70 um
100 um100 um 12 Reservoirs central channels12 Reservoirs central channels
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NanoFabrication Systems

NanoInk’sNanoInk’s MEMSMEMS

DPNDPN®® Inkwell ArraysInkwell Arrays

12 Reservoirs Universal12 Reservoirs Universal
780 um780 um

48 Reservoirs, 66 um48 Reservoirs, 66 um
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NanoFabrication Systems

NanoInk’sNanoInk’s MEMSMEMS

DPNDPN®® Inkwell Arrays: Nominal SpecificationsInkwell Arrays: Nominal Specifications
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2D nano PrintArray 55,000 Tips!

1.5 mm

20×90 µm


