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VTTVTT ––TechnicalTechnical ResearchResearch CentreCentre of Finlandof Finland

nn Impartial and multidisciplinaryImpartial and multidisciplinary
expert organisationexpert organisation

nn 2,900 employees2,900 employees
nn Turnover 220 millionTurnover 220 million €€, 5000, 5000

customerscustomers
nn Confidential research projects,Confidential research projects,

joint venture projects and strategic,joint venture projects and strategic,
selfselffinanced researchfinanced research
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DigitalDigital PrintingPrinting ResearchResearch at VTT 1995at VTT 199520072007
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nn StateStateofofthetheartart,, industrialindustrial, piezo, piezo electricelectric inkjetinkjet
printheadsprintheads →→ researchresearch resultsresults upscalableupscalable forfor
productionproduction

WaterWater,, oiloil andand solventsolventbasedbased inksinks
UVUVcurablecurable inksinks
HotHot meltmelt inksinks andand waxeswaxes
ConductiveConductive andand dielectricdielectric inksinks
BiochemicalBiochemical andand diagnosticdiagnostic fluidsfluids
IndicatorIndicator fluidsfluids

InkjetInkjet researchresearch environmentenvironment at VTTat VTT
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PrintingPrinting methodsmethods
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InkjetInkjet printingprinting comparedcompared toto otherother printingprinting
technologiestechnologies

InkjetInkjet
nn CustomisationCustomisation,, smallsmall seriesseries
nn PrintingPrinting speedspeed increasingincreasing ((currentlycurrently

aroundaround 1 m/s)1 m/s)
nn SubstrateSubstrate independentindependent
nn InkInk developmentdevelopment challengingchallenging
nn EasyEasy toto integrateintegrate withwith existingexisting

productionproduction lineslines

ConventionalConventional printingprinting methodsmethods
nn NoNo variablevariable data,data, largelarge volumesvolumes
nn MassMass manufacturingmanufacturing withwith highhigh

speedspeed ((aroundaround 20 m/s)20 m/s)
nn NotNot allall substratessubstrates suitablesuitable
nn InkInk developmentdevelopment notnot soso

challengingchallenging
nn IntegrationIntegration requiresrequires spacespace andand

changeschanges inin existingexisting productionproduction
lineslines
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InkjetInkjet printingprinting technologytechnology

nn DigitalDigital nonnonimpactimpact printingprinting
methodmethod, additive, additive

nn SubstrateSubstrate independentindependent
nn AccurateAccurate,, highhigh resolutionresolution,, highhigh

speedspeed
nn PossibilityPossibility forfor massmass customisationcustomisation
nn LowLow materialmaterial consumptionconsumption
nn Inks forInks for allall kindskinds ofof applicationsapplications

Drop generator Charge
electrode

Highvoltage
deflection plate Gutter

Substrate

Continuous inkjet
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Dropondemand inkjet
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BenefitsBenefits of inkjetof inkjet printingprinting inin printedprinted
electronicselectronics

nn DirectDirect writewrite ofof electronicelectronic componentscomponents andand circuitscircuits
nn lessless manufacturingmanufacturing stepssteps
nn lessless materialmaterial wastewaste
nn costcost savingssavings
nn shortershorter turnaroundturnaround timestimes smallsmall seriesseries andand customisationcustomisation

resist
mask + expose

etching

printing material
substrateInkjet printing:

substrate
material

spincoating e.g.

Photolithography:

cleaning
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ApplicationApplication areasareas for inkjetfor inkjet printedprinted electronicselectronics

nn NotNot meantmeant toto replacereplace traditionaltraditional manufacturingmanufacturing methodsmethods
nn LowLowcostcost devicesdevices
nn LowLow performanceperformance,, singlesingleuseuse,, disposabledisposable devicesdevices
nn NewNew applicationapplication areasareas
nn NewNew featuresfeatures toto printedprinted productsproducts
nn HybridHybrid printingprinting inkjet forinkjet for customisationcustomisation
nn MultipleMultiple materialmaterial depositiondeposition withwith severalseveral printheadsprintheads
nn LayeringLayering ofof materialsmaterials 3D3D structuresstructures
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HeatPrinthead

Resistor
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NanoNanoparticleparticle inksinks forfor makingmaking conductorsconductors

nn SmallSmall particleparticle sizesize andand inkink stabilitystability
crucialcrucial in inkjetin inkjet printingprinting

nn NanoNanoparticlesparticles provideprovide
nn highhigh metalmetal loadingloading withwith lowlow viscosityviscosity
nn inkink stabilitystability
nn jettingjetting reliabilityreliability
nn lowlow curingcuring temperaturetemperature

nn MetalMetal nanonanoparticleparticle inksinks provideprovide
printedprinted conductorsconductors withwith lowlow
resistanceresistance valuesvalues
nn eveneven in thein the rangerange ofof µµ

Curing
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100 µm

50 µm
silver
nano
particle
conductor
printed
at VTT on
polyimide

InkjetInkjet printingprinting finefine conductorsconductors

nn LinesLines asas finefine asas possiblepossible andand
continuouscontinuous

nn DropDrop sizesize andand spreadingspreading definedefine lineline
widthwidth

nn PrintPrint resolutionresolution definesdefines lineline
continuitycontinuity

nn SubstrateSubstrate prepretreatmenttreatment oror prepre
patterningpatterning

2.4 mm

2.4 mm
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InkjetInkjet printingprinting multimultilayerlayer electronicselectronics

nn TransistorsTransistors,, displaysdisplays,, passivepassive
componentscomponents

nn MultiMulticolourcolour printingprinting
nn atat leastleast oneone printhead forprinthead for eacheach inkink
nn colorcolor registrationregistration

nn InteractionsInteractions betweenbetween differentdifferent
materialsmaterials
nn printingprinting onon substratesubstrate vs.vs. printingprinting onon

inkink layerlayer
nn colourcolour bleedbleed

nn InkInk availabilityavailability

Electrodes

Dielectric

Conductor

Resistor layer

ConductorFerrite layer
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UVUVcurablecurable dielectricdielectric inkink for inkjetfor inkjet printingprinting

nn PrintingPrinting inin elevatedelevated printheadprinthead
temperaturetemperature

nn DryingDrying withwith absorption and UVabsorption and UV
lightlight

nn GoodGood wearwear resistanceresistance
nn HighHigh glossgloss
nn SmoothSmooth inkink layerlayer withoutwithout pinpin

holesholes

1st silver
electrode

2nd silver
electrode

Dielectric inkjet printed
between electrodes

Example of capacitor
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ExperimentalExperimental

nn UVUVcurablecurable polymerpolymer basedbased dielectricdielectric
inkink ((yellowyellow))
nn CuringCuring withwith 120 W/cm H120 W/cm H bulbbulb UVUV lightlight

sourcesource for 20for 20 secondsseconds
nn 11 oror 22 inkink layerslayers

nn SilverSilver nanonanoparticleparticle inkink ((blackblack))
nn CuringCuring in 120in 120 ooC for 15C for 153030 minutesminutes
nn 11 oror 22 inkink layerslayers

nn PaperPaper andand plasticplastic substratesubstrate
nn PiezoPiezoelectricelectric inkjet, 80 plinkjet, 80 pl dropdrop sizesize,,

630630 dpidpi resolutionresolution

10 cm
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PerformancePerformance ofof multimultilayerlayer electronicselectronics

600 m  220 

1 layer dielectic and 1 layer silver on paper 190 m
pin holes?

> 1 M

60190 m

•on paper increase in amount of dielectric
layers increases resistance on top of it

~1  200 
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SummarySummary

nn InkjetInkjet printingprinting suitablesuitable methodmethod forfor
manufacturingmanufacturing electronicselectronics

nn FineFine inkjetinkjet printedprinted conductorsconductors possiblepossible
eveneven withoutwithout substratesubstrate prepretreatmenttreatment

nn MetalMetal nanonanoparticleparticle inksinks produceproduce
conductiveconductive structuresstructures withwith lowlow resistanceresistance

nn InkjetInkjet printingprinting suitablesuitable methodmethod forfor makingmaking
multimultilayerlayer structuresstructures

nn UVUVcurablecurable dielectricdielectric inkink producesproduces smoothsmooth
andand thickthick inkink layerslayers
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ThankThank youyou forfor youryour attentionattention!!

Liisa HakolaLiisa Hakola,, ResearchResearch ScientistScientist

VTTVTT ––TechnicalTechnical ResearchResearch CentreCentre of Finlandof Finland
FunctionalFunctional PrintingPrinting

P.O.BoxP.O.Box 1000, FI1000, FI02044 VTT, Finland02044 VTT, Finland

phonephone: +358 20 722 7206: +358 20 722 7206

faxfax: +358 20 722 7052: +358 20 722 7052

eemailmail:: liisa.hakola@vtt.filiisa.hakola@vtt.fi

mailto:liisa.hakola@vtt.fi
mailto:liisa.hakola@vtt.fi

