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Abstract

Tillverkning av mikronålar för medicinsk användning

Manufacturing of microneedles for medical
applications

Tomas Jäderblom

Transdermal drug delivery, besides painful 
injections with syringes, has long been associated 
with small size particle pharmaceuticals, which can 
diffuse through the skin. This method of drug 
administration has only been applicable on a small 
number of drugs, where active molecules are small 
and delivery time should or can be long. 

Other drug delivery options are oral administration 
and injection with hypodermic needles (ordinary 
hospital syringes). In oral administration the 
stomach and liver tend to dissolve the drug and the 
effect becomes more difficult to anticipate, and 
drug delivery rates difficult to control. Hypodermic 
needles are used as a mean of drug injection 
directly into the bloodstream. This method is 
painful and risks infection due to tissue damage 
and skin penetration. 

One way to get a painless non-damaging technique 
with high delivery rate that still can delivery large 
molecules is to manufacture an array of microscopic 
hollow needles and equip them with a pumping unit 
that delivers the correct amount of drugs. 

This thesis shows the technique and possibility of 
manufacture micromachined needles using low cost 
techniques of Ion Track Technology (radiation of 
heavy ions creates porous materials), electroless 
deposition (non-current activated wet chemistry 
method of depositing metal) and electroplating. It 
also shows that it is possible to combine the 
needles with a thermal activated pump (actuator) 
unit made of paraffin to transport liquid through 
the needles. Hence the experiments show that 
microneedles and actuator fulfil the fundamentals 
towards micro scaled drug administration, 
transportation of fluid. 
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Tillverkning av mikronålar för medicinsk 
användning 

 
Tomas Jäderblom 

 
Allting började egentligen med en diskussion i fikarummet på institutionen för 

materialvetenskap på Uppsala universitet om applicera Mikrostrukturteknik (MEMS) i 

ett medicinskt syfte. Tänk om man istället för att injicera medicin via en vanlig spruta, 

vilket många upplever som obehagligt, kunde använda sig av små nålar så skulle en 

injicering kunna utföras utan smärta för patienten. Nålarna som gjort i uppsatsen är 

10µm tjocka och 100µm lång. Det säger i och för sig inte mycket men man brukar säga 

att en ”normalt” hårstrå är ca 100µm tjock så dessa nålar är lika långa som ett hårstrå är 

tjockt. Skulle man bara ha tillräckligt många nålar så skulle ju flödet kunna bli lika som 

i en vanlig spruta. 

 

Diskussionen fortsatte och skulle man efterhärma en injektion med en spruta så skulle 

man behöva något som transporterar medicinen genom de många smånålarna, med en 

vanlig spruta så trycker man med tummen men det skulle ju knappast vara möjligt med 

en nål som är lika lång som ett hårstrå är tjockt. I uppsatsen har vi valt att använda 

paraffin till detta syfte. Paraffin är ett biologiskt material som expanderar när det 

smälter och på så sätt skulle man kunna använda denna expansion för att pumpa in 

medicin genom nålarna.  

 

När arbetet väl drog igång som insåg man snart att tanken egentligen inte innebar något 

nytt. Det fanns mycket arbete kring komplicerade strukturer i mikroskala och till och 

med om mikronålar. Men vad alla dessa undersökningar hade gemensamt var att de 

använde sig av dyra och avancerade tekniker i renrumsmiljö för att framställa dessa 

nålar och ingen av de tidigare arbeten jag tittade på hade kombinerat mikronålar med en 

motor eller pump för att transportera vätska igenom dem. 

  

Så vad denna uppsats visar är att det är fullt möjligt att tillverka avancerade strukturer i 

mikroskala utanför renrummets väggar med hjälp av jonspårs teknik (eng. ion-track 

technology), icke galvanisk plätering (eng. electroless plating) och elektroplätering (eng. 
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electroplating). Med jonspårs teknik så beskjuts en plastfilm med tunga joner, dessa 

joner bryter bindningar i plasten och på de ställen där jonerna gått igenom plasten blir 

den speciellt känslig. Om man nu etsar plasten kommer dessa ”jonspår” att etsas först 

vilket gör att vi kommer att ha en plastfilm full med hål. Med hjälp av electroless 

plating kan man sedan belägga ena sida av plasten och insidan av hålen. Den 

beläggningen förstärks sedan med elektroplätering. Om man nu etsar bort plastfilem så 

har men en dyna full med ihåliga nålar. Paraffin har på enklast möjliga sätt lagts i en 

behållare där man limmar fast nåldynan uppepå.  

 
Att en nål har komplicerad eller avancerad struktur kan tyckas konstigt när man tittar på 

den men tänk på att nålar i denna applikation behöver var ihålig för att släppa igenom 

medicin samtidigt som de behöver vara tunna och långa. Detta är stora utmaningar inom 

mikrostrukturtekniken. Uppsatsen visar också att det är fullt möjligt att använda paraffin 

för att transportera vätska genom dessa nålar.  

Genom att bevisa att det är fullt möjligt att transportera vätska genom dessa små nålar 

så är man ett steg närmare ett samhälle utan skrämmande sprutor och smärtsamma 

injektioner. Om nu till det använder tekniker som inte är beroende av renrumsmiljö så 

tar man inte bara ett tekniskt steg utan även ett kommersiellt steg.  

Om man går utanför den medicinska och biologiska nyttan så är det även ett stort 

framsteg att flytta ut komplicerad mikorstrukturteknik utanför renrummet och bort från 

avancerad och svårkontrollerade tillverkningstekniker.  
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Förord
 

Ända sedan jag var en liten grabb har jag haft ett brinnande intresse för science fiction, 

inte så konstigt med succéer som Stjärnornas Krig, Star Trek, Alien m.fl. som avlöste 

varandra på bioduken och i tv-apparaterna under min uppväxttid. Vem har inte undrat 

om alla dess konstiga prylar någonsin skulle bli verklighet eller ständigt vara fiktion. 

Det roliga är att många av sakerna är i teorin genomförbara, annars skulle ingen komma 

på tanken att visa dem ens på bioduken.  
 

Mikrostrukturteknik har genom att låna instrument från halvledarteknologin, främst 

datorindustrin, skapat sig en egen industri där många gränser redan passerats och de 

mest fantastiska mekaniska apparater tillverkats i mikrometerskala. 

Mikrostrukturtekniken är fortfarande relativt ung som forskningsgren vilket gör att 

framsteg görs dagligen och gränser ständigt flyttas fram. 

 

Att få jobba med forskning på gräsrotsnivå och att få vara med ”från början” gör att man 

får förlita sig mycket på egen kunskap och mycket ”trial and error”. Nackdelen kan 

ligga i att det går mycket tid till försök som inte ”fungera” som det var tänkt från början. 

Den uppvägs av den stora fördelen att man alltid vet vad man håller på med och att 

förståelsen blir total. 

 

Jag har valt att ägna ganska stor del av arbetet till bakgrundskunskap och introduktion. 

Dels för att ämnet är ganska nytt och lite krångligt, och dels för att om man får en 

förståelse om hur man transporterar läkemedel genom huden och hur man kan göra 

injiceringar smärtfria är det något vi alla kan referera till.  
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1. Introduction

1.1 MEMS
 

Microelectronics and semiconductor technology have long been prospering in the field 

of microstructure know-how. It has been the driving force for improving and inventing 

new techniques especially for the computer industry. Some 30 years ago these 

micromachining methods started to be used to fabricate micro scaled sensors and 

resonators instead of integrated circuits. These first experiments have now developed to 

a full scale microsystem technology industry. Microsystems and devices can process for 

example mechanical, electrical, optical and thermal signals, often integrated on a single 

chip. 

 

The terms micromachining, microfabrication, micromanufacturing and 

microelectromechanical systems (MEMS) describe the fabrication of devices with at 

least some of their dimensions in the micrometer range. Bio-MEMS is a specific type of 

MEMS that have some kind of biological or medical application (microfluidic structures, 

drug delivery devices, immuno-sensors, DNA arrays etc). 

1.2 Transdermal Drug Delivery
 

Transdermal is a medical term that means “passing through the skin”. Transdermal 

administration of drugs could occur by for example an ointment or patch placed on the 

skin’s surface and the active substance is passing through the skin and into the 

capillaries.   

 

The possibility to miniaturize and downsize devices (not only in medical but also in 

chemical and biological applications) offers a whole new perspective and range of 

opportunities for maintaining health and curing diseases. A small device gives more 

room for multiple functions in a single unit, more functions per unit volume. A small 

device gives a minimum of materials used when manufacturing and could be 

manufactured in large batch processes. These devices may use less active “ingredient” 

(e.g. drugs or pharmaceuticals) and another advantage could be that minimized 

apertures lead to minimum tissue damage and trauma in form of pain. This does not 
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only increase patience comfort and reduce the risk of complications during treatment. It 

also generally increases the recovery rate and decreases the time for healing. This is all 

in the line of modern healthcare demand of a comfortable, low-cost, home treatment and 

“point of care” diagnosis. 

 

Point of care has become a word of many users and meanings, but in general it means 

diagnostic and/or treatment performed at or near the site of patient care. A more 

restrictive definition is: “analytical patient diagnostics provided within the institution, 

but performed outside the physical facilities of the clinical laboratories”. It does not 

require permanent dedicated space, but instead includes kits and instruments, which are 

either hand carried or transported to the vicinity of the patient for immediate testing at 

that site”. 

1.2.1 Penetrating the Skin
   
Since the late seventies when the first scopolamine1 patches where approved, 

transdermal drug delivery has moved from a clinical reality to the point where it 

represents a viable way of delivering a number of drugs. However, transdermal delivery 

by patches is limited by the inability of a large majority of pharmaceuticals to cross the 

skin at therapeutic rates (this is the optimal delivery rate for a specific pharmaceutical 

depending on chemical composition, dose, desired effect etc.). To increase skin 

permeability, a number of different methods or approaches have been studied [1]. All 

from chemical enhancers [2, 3], electrical pulses (electroporation) [4, 5] or continuous 

electrical current (iontophereses) [6, 7] to ultrasound pressure waves [8-10]. Although 

the mechanisms are different, these methods all try to disrupt the skin and create 

“spacing” so that the drug can move through the skin to the outer blood vessels. 

  

A novel way of increasing permeability of the skin is to physically penetrate it with a 

microscopically small needle (microneedle). If the needle is thin enough the skin will 

regenerate after withdrawal and if the needle is short enough not to penetrate the skins 

dermis, where the nerves lie and the operation will be painless. Most work has been 

focused on solid microneedles made of silicon or metal [11-15], where several different 

approaches are used. Some examples are “poke and patch”, “coat and poke” and “dip 

                                                
1 Scopolamine is the active ingredient in “Transderm Scop” which is a motion sickness patch. 
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and scrape” [16]. The “poke with patch” approach uses needles to make holes and then 

apply a transdermal patch. Another approach is “coat and poke”, where the needles are 

first coated with a drug and then inserted into the skin. There is no drug reservoir, all the 

drugs to be delivered are on the needle itself. A variation on this method is “dip and 

scrape”, where the needles first are dipped in the solution and the scraped across the 

skin leaving the drug within microscopic “cracks” or scratch marks created by the 

needles.  

 

In contrast to the solid needle, a hollow microneedle enables rapid pressure-driven 

transport through the skin, much like a hypodermic needle (syringe). The drug is pushed 

through the needles passing the skin. To increase the delivery rate of drugs from small 

hollow microneedles, an array of needles is used. If there are enough small needles the 

array holds the same amount of liquid as a larger hypodermic needle.  

 

Hollow microneedles have a more complex structure than their solid counterparts and 

are therefore harder to make and use. The technique of transdermal delivery of drugs 

through hollow microneedles resembles more a hypodermic needle injection approach 

than a patch. This active fluid flow through the needle bore and into the skin leads to 

higher rates of delivery that can be modulated over time.  

 

Over the last few years, several research groups have investigated in micromachining 

processes for fabrication of microneedles [17-21]. Microneedles offer several 

advantages when compared to conventional technologies including being minimally 

invasive due to their small cross-sectional area, providing precise penetration depth in to 

the skin and causing minimal trauma during insertion. With the development of 

transporting liquid through microscopically small channels, microneedles have the 

potential to serve as a low volume, high functional interfacing technology between 

miniaturized systems and the human body. In medicine, besides drug delivery, 

microneedles have found use as ultrasonic cutters [22], ultrasonic atomizers [23] and 

microcutters [24]. Consequently, there is an increasing interest in developing low cost 

and efficient methods for fabricating microneedles.  

 

Microneedles only create a pathway through the skin and do not do the actual delivery 

of drugs or fluidics. The microfluidic transdermal interfacing, the transfer of liquid 
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through the outer skin layer needs some type of dosing unit to perform a controlled 

injection. Several “micropumps” are used for internal flow and fluidics control, i.e. in 

microvalve applications. Some examples are pneumatic, thermomechanical, 

piezoelectrical etc. [25]. 

 

Today it exists a number of transdermal patches for drugs such as scopolamine, 

nitroglycerin, nicotine etc. (appendix 1) [26]. The US market for such patches was over 

$3 billion in the year 2003 and is increasing annually. Depending on the drug, time of 

duration of delivery is generally from 1 to 7 days. Patches have been useful in enabling 

new therapies and in reducing first pass effects. Nonetheless, only a limited number of 

molecules have been successfully delivered transdermally to date. This has necessitated 

research in areas where transdermal drug delivery can be increased and enhanced.  

 

Iontophoresis, which uses an electric field to move both charged and uncharged species 

across the skin has been the primary electrical approach studied. It has been shown to 

enhance transport for some low molecular weight molecules such as pain medication 

[27]. Electroporation, which involves higher voltage pulses for shorter time periods, has 

been used to temporarily create pores in the skin and has allowed the delivery of even 

larger molecules such as heparin [28]. Ultrasound, particularly at low frequencies, has 

been shown to greatly enhance the flux of large molecular weight substances through 

the skin. Over five thousand times the normal flux has been achieved for molecules of 

the size of insulin or larger [29]. Microneedles offer another approach for less invasive 

drug delivery where arrays of miniature needles can be placed on the skin to provide 

greater fluxes [30]. Different transdermal administration techniques penetrate the skin in 

different ways. They all take advantage of some physical properties of the skin and its 

structure (figure 1). 
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Figure 1. Schematic representation of a cross section through human skin, stratum corneum, located on 
the outer surface of the skin, provides the primary barrier to drug delivery into skin. a. Transdermal 
diffusion takes place by a route across the stratum corneum, winding around cells and lipid bilayers. b. 
Low-voltage electrical enhancement by iontophoresis can make transport pathways through hair follicles 
and sweat ducts more accessible. c. Elecroporation has been shown to occur via transcellular pathways. d. 
Microneedles create micron-scale holes in the skin to provide pathways for drug transport. [26] 

1.2.2 Microfluidics and Actuator Concept
 

The definition of microfluidics is the behavior and properties of fluids in channels 

where at least one the dimensions is in micrometer size. The use of microfluidic devices 

to conduct biomedical research and create clinically useful technologies has a number of 

significant advantages. First, because the volume of fluids within these channels is very 

small, down to some nanolitres, the amount of reagents and analysts used is quite small. 

This is especially significant for expensive reagents. In a manner similar to that for 

microelectronics, microfluidic technologies enable the fabrication of highly integrated 

devices for performing several different functions on the same substrate chip. One of the 

long-term goals in the field of microfluidics is to create integrated, portable clinical 

diagnostic devices for home and bedside use, thereby eliminating time consuming 

laboratory analysis procedures. 

 

The microfluidic concept complicates the structure further since it applies a need for a 

microscale “pump-action” to inject the drugs. The difficulty lies in integrating the 

microneedles with the pumping unit in a functional and efficient matter.  The dose and 

actuation (force exerting) unit relieves the patient and/or the medical personnel from 

concerns about the dosing and delivery of a drug over a certain period of time. 

 

The force exerting or working component of a pump can be called an actuator. An 

actuator transforms energy from one form to another. One example is the 
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electromagnetic motor that transforms electrical energy to mechanical energy. This is 

probably the most common type of actuator, but there exists other types such as, 

piezoelectric, electrostatic, thermal expansion etc. Since different actuator types have 

different activation and different response it is difficult to evaluate them outside their 

application. Some general characteristics can be of help though if comparison between 

actuators is necessary, for example speed, power and energy density, which is the sum 

of exerting force during actuation (figure 2 and figure 3). 

 

 
Figure 2. The pressure range of different actuators2.  

 

 
Figure 3. The energy density of different actuators2. Paraffin in this experiment functions a 

thermopneumatic actuator. 

1.2.3 Paraffin as Actuator Material
 

Paraffin consists of hydrocarbon chains and depending on the length of these chains 

(molecular weight) it’s melting temperature can be tailored between -100oC and +100oC, 

without significantly affecting its expansion rate. The use of a paraffin actuator has a 

number of advantages, for example a large stroke (length expansion), typically 10-15%, 

a selective transition temperature and it is a low-cost material.  

 

                                                
2 According to Nam-Trung Nguyen et al, Fundamentals and applications of microfluidics, 2002 
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Since paraffin has a selective transition temperature the actuator can use a moderate 

activation temperature so the entire device can be heated without damage other 

components on the device. This simplifies manufacturing, no electrical wiring and 

contacts. Paraffin with a melting temperature between 30oC and 80oC (used in these 

experiments) is in general soft and easy to form into desired shapes even in its solid 

state. 

 

Since paraffin consist of non-polar hydrocarbon chains it doesn’t mix well with other 

substances i.e. it is a “low” reactive compound, this makes it possible in many 

applications to put the paraffin and the fluidics together in the same space and just 

heating the device will expand the paraffin moving the fluidics (figure 4). 

 

 
Figure 4. When paraffin melts it expands and can therefore be used as an actuator material. The figure 

shows how paraffin can used to transport liquids. 

1.3 Skin Anatomy and Physiology
 

The human skin is the covering, or integument, of the body's surface that both provides 

protection and receives sensory stimuli from the external environment. The skin 

consists of three layers of tissue: i) the epidermis, the outermost layer that contains the 

primary protective structure of the skin, ii) the dermis, a fibrous layer that supports and 

strengthens the epidermis and iii) the subcutis, a subcutaneous (under the skin) layer of 

fat beneath the dermis that supplies nutrients to the other two layers and that cushions 

and insulates the body (figure 5). 
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Figure 5. Sketch of the skin along with some of its embedded organs.  

 

The epidermis is made up of living and nonliving layers. Its innermost layers, the basal 

and spinous layers, are alive, and they produce cells that form the dead outer layer, the 

stratum corneum. The stratum corneum forms from cells, which become thin, hard, and 

dehydrated and migrate upward to the surface of the epidermis. Structures such as hair 

follicles, nails, and sweat and sebaceous (oil-producing) glands are appendages that 

develop from the epidermis and extend into the dermis.  

 

The stratum corneum is ~15 µm thick depending on where on the body it is placed, 

ranging from a few microns on the eyelid to several hundreds of microns on the sole of 

the foot. The epidermis is about 150-200 µm depending on thickness of the stratum 

corneum. The stratum corneum is the skin outer most barrier, preventing loss of water 

and it protects against a large number of biological and chemical agents. At the same 

time, it provides a flexible, mechanical tough surface. These qualities of the skin also 

make it difficult to administrate drugs transdermally. 

 

The dermis takes up the greater part of human skin. It consists primarily of connective 

tissue through which an elaborate network of sensory nerves and blood vessels thread. 

The major component of dermal connective tissue is the extra cellular fibrous protein 

collagen, which provides strength to the skin and resists deformation and tearing under 

stress.  
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The subcutaneous fat layer consists chiefly of fat cells (lipocytes). This fat serves as a 

nutritional storage depot for the entire body, and it cushions the skin and insulates the 

body against temperature extremes.  

 

The dermis is much thicker than the epidermis (600µm-2mm) and contains many 

sensory organs and nerve endings making it sensitive to touch, pressure, pain and 

temperature. The skins dermis also contains the outer blood vessels.  

 

The inner epidermis misses the same protection function as the stratum corneum and 

has a much higher permeability. This means that if drugs can be transported through the 

stratum corneum they will diffuse through the epidermis into the dermis and the outer 

blood vessels. 

1.4 Process Technology
 

As described earlier there are a number of methods to enhance transdermal drug 

delivery, all with their own pros and cons. Microneedles have several advantages in 

areas such as increased drug transport, sustained drug delivery and lack of pain. Their 

major disadvantages are their cost and complexity, especially when considering hollow 

needles. Using low-cost and low complex microstructure manufacturing techniques 

such as ion track technology, these setbacks could be improved. 

1.4.1 Ion Track Technology
 

The ion track technique uses accelerated heavy ions (ex Xe+, Kr+) to alter the properties 

of a material along its path. Every ion hitting and potentially penetrating a material 

leads to a permanent modification of the physical and chemical properties of the 

material along its path. The result of this modification is a latent ion track. These ion-

tracks can selectively be etched to form pores in the material (figure 6). Where the size 

of the holes depends on etch chemicals and etch time.  The technique enables micro- 

and nano-pores with high aspect ratio (length and width relation) and various shapes in 

many dielectric solids.  
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Figure 6. Principle of ion track technology, the sample is radiated with ions (A) and forms latent ion 

tracks (B) that can be etch selectively (C). 

 

The number of latent ion tracks is determined by the dose of the ion radiation. The 

higher the dose the more latent ion track is created and the material gets more holes 

when etched. Together with the size of the holes (etch time) the porosity or closeness of 

holes can be determined. The porosity or closeness means the fraction between surface 

hole-area and the total sample area. A 50% porous material has half of its surface 

occupied by holes. The closeness can easily be calculated if radiation dose and etch 

diameter is known: 

 

Sample

Holes
Closeness A

AC                                                                                                             (1) 

nsnumberofiooneholeHoles IAA             (2) 

sampleoseradiationdnsnumberofIo ADI                                                                                         (3) 

oseradiationdoseradiationdonehole
sample

sampleoseradiationdonehole
closness D

d
DA

A
ADA

C onehole

4

2

     (4) 

 

So with a hole diameter of 15 µm and a radiation dose of 5.104 cm-2 this will give an 

optimal closeness of 9%. The resulting pores can be used as apertures for filtration 

processes, as well as templates or molds for nanowires or other structures.  

 

Polymers are widely used and well suited for ion-track technology for practical 

applications, due to their good mechanical and chemical strength, and due to their high 

susceptibility for selective ion track etching.  
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1.4.2 Electroless Deposition
 

Even though electroless deposition is widely used in industry to deposit metal on non-

conductive surface, there is no complete understanding of how it really works. There are 

a number of theories that describe the phenomena in different ways. The mixed-

potential theory gives a general understanding and is fairly easy to understand. 

 

Electroless deposition has one important and basic characteristic that separates it from 

ordinary electroplating, namely that power supply is needed to drive the deposition 

reaction. Since no power supply is needed, electroless deposition can be used to deposit 

metal layers on non-electrical conductive surfaces as long as the surface can be 

activated with for example palladium so the redox reactions can occur. This makes it 

suitable for deposition on most polymers. 

 

The overall deposition reaction of metals in electroless deposition is 

 

solutionlattice
surfacecatalytic

solution
z
solution OxMdM Re    (5) 

 

Ox is the oxidation product (electron acceptor) of the reducing agent Red (electron 

donor). This overall reaction is the result of a combination of two different partial 

reactions, anodic- and cathodic partial reaction. The cathodic partial reaction or 

reduction reaction is reduction of the metal. 

 

lattice
surfacecatalyticz

solution MzeM     (6) 

 

The anodic partial reaction or oxidation reaction is the oxidation of the reducing agent. 

 

meOxd solution
surfacecatalytic

solutionRe     (7) 

 

The two partial reactions, however, occur at one and the same electrode, the same 

metal-solution interface. The rest potential is the solids (or liquids) ability to 

reduce/oxidize. It’s a measurement of the electromotor force in redox couple (the 

electrochemical potential series). For the overall electroless deposition reaction to 
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proceed, the rest potential of the reducing agent must be more negative than that of the 

metal electrode, so that the reducing agent can function as an electron donor and the 

metal ions, Mz+, as electron acceptors.  

 

Electroless deposition proceeds in different ways depending on the initial substrate 

conditions. In the case of the plating non-active metals or plastics, the substrates are 

activated by depositing palladium particles prior to electroless deposition. On a 

palladium-activated non-active metal, electroless metal deposition occurs mainly on the 

substrate in the vicinity of the palladium nuclei, which functions as the site for anodic 

oxidation of reductants.  The initial activity also depends on other factors, e.g. the size 

and distribution of palladium nuclei, smudges, impurities, inclusions, grain boundaries, 

scratches and other surface defects. In all cases the deposit grows laterally at the edge of 

the already grown deposit. The adhesion strength of the metal deposit depends on how 

well the palladium “sticks” to the surface, sometimes it is necessary to do some type of 

surface treatment, to improve the bonding of the palladium to the surface.  

 

The overall reaction for electroless deposition of copper with formaldehyde (HCHO) as 

the reducing agent can be described as 

 

22
2 2242 HOHHCOOCuOHHCHOCu    (8) 

 

where HCOO- (formic acid) is the oxidation product of the reducing agent. When a 

catalytic surface is introduced into an aqueous solution containing metal ions and a 

reducing agent, the two different partial reactions occur simultaneously. Each of these 

partial reactions strives to establish its own equilibrium potential. The result of this 

“competition” creates a compromised steady-state potential that drives the two partial 

reactions (figure 7).  

 



13 
 

 
Figure 7. Current-potential curves for reduction of Cu2+ ions and for oxidation of reducing agent, 

formaldehyde, combined in one graph (Evans diagram)3. 

1.4.3 Electroplating Copper
 

When a metal, M, is immersed in an aqueous solution containing ions of that metal, Mz+ , 

there will be an exchange of metal ions between the two phases. Initially one of these 

reactions may occur faster than the other. This rearranging of charges causes an electron 

flow. After a certain period of time a dynamic equilibrium between the metal and its 

ions in the solution will occur, which results in a potential difference. If a current is 

allowed to flow through this solid/ solution interface the equilibrium potential will 

change. As electrons are charging up in the solid the metal, the metal ions will be 

attracted towards the surface and finally attach to it. 

 

In the case of copper the Cu2+ ions will be drawn to the copper surface with excess 

electrons due to the external current. The chemical reaction in the solid/ solution 

interface of copper/copper electrolyte look as follow: 

 

)()(2)(2 latticeCucurrentexternalesolutionCu     (9) 

 

When electroplating copper, the Cu2+ salt is normally in sulfate solution (Cu2SO4·5H2O), 

which gives high ionization. Because of the high conductivity of commercial solutions 

and because of the small anode and cathode polarizations,  the voltages required for 

depositing copper are low for acid solutions (figure 8). 

 

                                                
3 According to Mordechay S. et al, Modern Electroplating, 4 ed, 2000. 
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Figure 8. Schematically setup for strengthening copper with electroplating.  

 

The thickness of copper layer can be calculated with faradays law that connects the 

weight product of deposited metal and the applied current. Together with the density of 

copper this determines the thickness and the deposition rate of copper (appendix 3). 

 

Electrodeposition of copper from acid solutions is extensively used for electroforming4, 

(electro-) refining and electroplating. Refiners and electroformers, in particular, employ 

acid solutions because costs of chemicals and power are low and because the solutions 

are easy to control. Acid copper sulfate solutions are widely used for plating of printed 

circuit boards and for semiconductor interconnection technology.  

1.4.4 Paraffin as Actuator Material
 

Paraffin, the same material that is used in candles or for protecting jam, has a large 

volume expansion associated with its solid to liquid transition, i.e. when it melts. Apart 

from a large volume expansion paraffin has a wide melting temperature range 

depending on the molecular weight of the specific paraffin. By choosing the right 

paraffin it can be used together with large number of organic materials and in 

applications with, for instance, temperature sensitive analytics. The expansion rate of 

paraffin depends on how fast you can melt it and it is generally slow compared to other 

actuators (electrical impulses are much faster). With design and applied temperature the 

expansion rate could be modulated to a certain extent. The slow expansion is not 

necessarily a downside in a transdermal application. A slow a controllable expansion 

leads to a controlled administration of drug and hinder drug saturation that can lead to 

                                                
4 Electroforming is a highly specialized process for fabricating a metal part by electrodeposition in a plating bath over a base 

form or mandrel which is subsequently removed. 
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tissue damage and skin reactions.  In addition paraffin is inexpensive and not considered 

harmful, which is, although it will not come in contact with the fluid, preferable when 

working with biochemical applications. 
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2. Objectives and Constraints

2.1 Microneedles
 

In this work hollow microneedles are fabricated by means of ion track technology, 

electroless deposition techniques and electroplating using a flow cell setup. All these 

techniques have low running costs compared with other micromachining manufacturing 

and are not restricted to a cleanroom environment. They are easy to scale up for large 

batch processing and have good reproducibility.  

 

An important consideration of microneedles for transdermal interfaces in general is 

reduction or even the complete removal of pain for the patient compared with a syringe 

injection. Reducing pain in transdermal application increases patient comfort and 

acceptance, and therefore enhances the market potential for liquid transdermal therapy. 

In addition the needles should be minimum invasive to reduce trauma caused to 

surrounding tissue. Trauma reduction has the benefit of decreasing infections and 

speeding healing processes. This is a market and patient/doctor concern for a micro 

transdermal interface. There are also biological or chemical issues, the needle should 

not interfere with the properties of the injected drugs and should have minimum 

reactions with the skin.   

 

Consequently, when manufacturing microneedles for transdermal application there are a 

number of design considerations and some general characteristics are desirable.  

 

Sharpness: The  needle  needs  to  be  sharp  to  penetrate  the  skin  if  it  is  going  to  deliver  

drugs subcutaneous. So the needle should be as thin as possible.  

Strength: A needle should be strong enough to resist pressure from the skin during 

injection as well as keep straight inside the skin. It should have sufficient strength 

against fracture, bending and buckling. Shorter needles with thicker walls will in that 

perspective be stronger. 

Flow: Smaller channels render a decrease in drug delivery rate, since smaller channels 

take less liquid and increase internal pressure. To maintain the same delivery pace as in 

a hypodermic needle the flow rate must be increased, which could lead to failure of the 

needle due to internal pressure. This could also lead to unwanted saturation of the drug 
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in the skin that could lead to irritation and damaging reactions. Instead of increasing the 

flow rate in one needle the use of an array of many needles have the same increase in 

delivery rate with maintaining low pressure. 

Biocompatibility: A microneedle in transdermal applications is in direct contact with 

living tissue. This could trigger the immune system and cause inflammation. Proteins 

could adhere to the needles surface and disrupt or prevent drug administration. This is 

less important with disposable needles and short injection periods. By choosing 

different metals/solids along with short insertion time and shallow penetration depth, 

the foreign body reaction can be reduced.  

 

In this thesis focus for microneedles will: 

 Manufacturability. Is it possible to manufacture microneedle pads with the 

suggested low cost technologies? To be able to do this we need to know 

o how the ion track technology radiation dose effect needle pad properties 

o the etch rate of PC to get the correct size of needles 

 Quality. Is it possible to fulfill the 4 desirable characteristics Sharpness, Strength, 

Flow and Biocompatibility? 

2.2 Actuating Unit
 

Microneedles are only an interface between the outer world and the skin or body that 

the drug is meant to affect. This makes it interesting to look for a device that actually 

moves the drug or pharmaceutical through the needles in to the skin i.e. you need some 

form of pump (actuator).  

 

There are some general characteristics for a microactuator that are advantageous in 

transdermal or biological applications and some constraints or criteria that come with its 

environment, the human body. 

 

Dosing and actuation: The unit must be able to deliver the exact amount of drugs 

through the needle array and into the skin and bloodstream for the drugs to have its 

predicted effect.  

Chemical inert: The actuator or any of its components cannot contaminate the injected 

drug or modify its chemical properties. 
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Complexity: This is mainly an economical issue, since more complex structure tends to 

be more difficult and take longer time to manufacture. 

Volume and weight: A small and light actuator is not only a patient comfort 

consideration due the possibility to carry and conceal, but also a small actuator tends to 

consume less energy.  

Disposability: This is the environmental aspect of the actuator, it should not be toxic or 

hazardous after use. This is especially important when considering one-time-use 

products. 

 

Paraffin has a large expansion in its solid to liquid transition and is thus fulfilling the 

Dosing and actuation as well as the Volume and weight requirements. Paraffin is also a 

rest product in petroleum production, which makes it easy to attain. It is also easy to 

form, fulfilling the complexity requirement. Paraffin has other qualities that make it 

especially suitable for biological and chemical application, such as flexible transition 

temperature (melting point) and it is non-toxic (fulfilling the Chemical inert and 

Disposability requirement). 

 

By choosing paraffin as actuator material we already have a good actuator for 

transdermal application. Hence this thesis will focus on the interaction of the paraffin 

actuator with the needle pad: 

 Manufacturability. Is it possible to assemble needle pad with actuator in a 

functional manor? 

 Functionality. Will the actuator transport liquid through the needle pad? 
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3. Experimental

3.1 Manufacturing Microneedles
 

Ion track technology along with electroless deposition and electroplating was used to 

manufacture prototypes of microneedle arrays of different size. In this work the needle 

arrays are made out of copper because copper is easy to deposit both with electroless 

deposition and with electroplating. The process could easily be altered to deposit other 

metals such as nickel instead. 

3.1.1 Ion-Track Radiation
 

A “mold” for the needles was manufactured by ion radiation and etching of 

polycarbonate films (PC-films). The film thickness determines the height/length of the 

needles. In this case the PC-film is 100 µm thick which will generate ~100 µm long 

needles. A uniform etch will etch both the PC-film thickness and the radiated ion-tracks. 

This will reduce the height equal to the pore etch diameter (both top and bottom will be 

etch, figure 9).  

 

 
Figure 9. When etching ion track the track only works as an etch initiator and the etching will be equal all 

around the sample. 

 

The PC film is radiated with 127Xe27+ ions accelerated to 1.1 GeV in a cyclotron. The 

ions hit the sample randomly, giving a stochastic distribution of latent ion-track over the 

radiated sample. This means that there will be a larger concentration in some areas of 

the sample and less in others but the density will be the same considering bigger sample 

areas. In this experiments5 two different doses have been used 1.105 cm-2 and 5.104 cm-2. 

 

                                                
5 The chemicals are supplied by J-kem AB (Rosersberg, Sweden). 
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3.1.2 Polycarbonate Etch
 

Every latent ion-track generates a hole when etched and each hole will serve as a mold 

for the deposition of a single needle. In this application polycarbonate (PC) is used 

because it is both easy to etch (to form channels), as well as to dissolve for removal of 

the mold. PC is also a common and easy attainable material. Pores in PC are shown in 

figure 10. The PC-film is etched in NaOH (9M) and methanol solution. 

 

 
Figure 10. Ion radiated PC film, etch in NaOH/Methanol 1:1 mixture. Radiation dose of 105 cm-2 and etch 

time 30 minutes (A), 120 minutes (B) and 240 minutes (C). The channels has a well-defined circular 

shape independent of etch time. 

3.1.3 Electroless Deposition
 

Electroless deposition of copper is used to make a conductive seed layer for 

electroplating. The electroless deposition consists of three different baths. The first is a 

primer/conditioner that cleans and microetches the surface for a better adhesion of the 

second bath, the activator. The activator is used in order to create a dense and uniform 

distribution of activated sites. This is necessary to achieve high conductivity so copper 

ions can attach in the third bath, the electroless copper bath. For complete bath make up 

and sample treatment description for polycarbonate see appendix (appendix 2).  

 

To get needles, only one side of the polymer film including the pores should be 

deposited with copper. One side is masked off to not be in contact with the activator. 

This can be done with some type of mask. In this case ordinary low residue tape is used 

(figure 11). 
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Figure 11. (A) One side of the etch PC is masked. (B) The surface is activated. (C) The masking is 

removed. (D) Only the activated surface will attach copper. (E) Removal of PC will generate needle pads. 

 

Previous experiments done by Hanna Yousef6 show that if the low residue tape is 

removed after deposition of copper (the last step), the needles will form “mushroom 

shapes”. This is because the tape will, when removed deform the deposited copper 

(figure12).  

 

 
Figure 12. Example of “mushroom shaped” needles when the tape is removed after the deposition of 

copper during electroless deposition. 

3.1.4 Electroplating
 

Electroplating is used to strengthen the “thin” electroless deposited copper layer. To 

prevent clogging of copper while electroplating, the electrolyte needs to flow through 

the pores.  

 

The electroplating time determines the thickness of deposited copper layer and thus also 

the thickness and inner radii of the needles. This particular setup uses potentiometric 

method with a constant current of 2.2 mA. This current gives a deposition rate of 7.6 

µm/hour (appendix 3) and by changing the deposition time, different thicknesses are 

achieved.  
                                                

6 Department of material science at Uppsala Univesity 
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To be able to deposit different thicknesses of metal inside the needles and on the bottom 

of the needle pad, a set-up with continuous flow is used. In this “flow cell” setup two 

syringes with different amounts of electrolyte will determine the flow in the cell and 

thus changing the deposition rate inside the holes (figure 13).  

 

 
Figure 13. Two syringes will determine the flow of electrolyte through the sample and thus the deposition 

inside the pours. The sample works as a working electrode. 

 

In this experiment the electrolyte is flowing through the pores so that all the pores are 

filled with electrolyte, the flow is now stopped so the copper will deposit in the pores 

(strengthening the needles), when the needles have the desired thickness the flow is 

increased to prevent further deposition of copper in the holes. This will strengthen the 

needle pad bottom further.  

3.1.5 Removing Polycarbonate
 

To remove the needle from its “mold” the polycarbonate film is dissolved in methylene 

chloride. Since the needles are fragile and the PC-film is protecting them, this step 

should be done as late in the process as possible. It is an advantage if the needles can be 

mounted to its application before dissolving the PC-film. In this report the needles are 

assembled with a paraffin actuator before the removal of the film. 

3.1.6 Needle Penetration Studies
 

To simulate the penetration of the human skin, the needle pad is pushed through a 

number of different materials with different thicknesses. The needles used in this test 

have an outer diameter of 15 µm and a needle wall thickness of 1 µm. The PC was 
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radiated with a dose of 5.104 cm-2, which give a closeness of 9%. The tested material is 

PC with thickness of 50 and 25µm and PI with 12µm.  

3.2 Manufacturing Paraffin Actuator and Final Assembly
 
To make a demonstration device the paraffin needs to be of a specific shape and size. In 

this experiment this is achieved by casting paraffin in PDMS molds of a cylindrical 

shape. Paraffin usually comes, when bought, in grains (as in this case). The grains are 

filled in the PDMS form and melted in an oven. After cooling the PDMS mold is 

removed and the paraffin has a well-defined cylindrical shape. This method of casting 

paraffin has the drawback that paraffin alters its shape when it goes from liquid to solid 

state, and the advantage that many paraffin “pieces” of different sizes and shapes can be 

manufactured in a short amount of time. 

  

Just to have paraffin of a specific size and shape does not make it an actuator. It needs 

to be assembled with the other actuator components to be able to perform its pumping 

action. For a transdermal application it also needs to be integrated with some kind of 

reservoir and in this case the needle pad. The needle pad is glued to a PDMS reservoir 

with glue that withstands the solvent methylene chloride that is used dissolves 

polycarbonate. The bottom of the piece of paraffin (cylindrical shaped) is then slightly 

heated (not melted) so its surface gets sticky. In this way paraffin can be place on “top” 

of the cavity and with stand the encapsulation without moving out of place. This is done 

by UV-curing epoxy glue, which gives several profits. It has, when hardened, a good 

mechanical strength. This will make paraffin expand into the drug reservoir and not into 

the epoxy capsule and since its UV-curing the curing time of the epoxy is very fast (~20 

seconds) without the need of heating the device. 

 

Since even a UV-lamp generates heat, precautions need to be made especially when 

working with low temperature melting paraffin. This problem is easy to avoid by 

dividing the curing time in to intervals and cooling the device in between. In this 

experiment (using 75oC melting point paraffin) the device was harden under the UV 

lamp for 5 seconds and cooled in air for 5 seconds. This was repeated four times to 

completely harden the epoxy (curing time of 20 seconds). It doubled the actual curing 

time but it prevented the paraffin from melting.  
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The paraffin actuator in this study is manufactured to test if paraffin can be used to press 

liquid through hollow microneedles. The paraffin used has a melting point of 75 oC. The 

maximum volume expansion of the paraffin is 14% and it has at this point a final 

pressure of 15 MPa (figure 147). 

  

0,0

4,0

8,0

12,0

16,0

0,0

4,0

8,0

12,0

16,0

40 49 58 67 75

Pr
es

su
re

 [M
Pa

]

Ex
pa

ns
io

n 
[%

]

Temperture

Expansion [%]
Pressure [MPa]

 
Figure 14. Temperature dependency of the expansion and pressure for the paraffin used in this study. 

 

With paraffin of cylindrical shape (2mm diameter and 0.5mm height) and volume 

expansion of 14%, the maximum amount of liquid that the actuator can inject is: 

 

µlmmVKV paraffinsolidansioninject 22.0
4

5.0214.0 3
2

exp   (10) 

 

The process of manufacturing the device uses a hollow PDMS (silicon rubber) plate that 

function as a reservoir for the liquid. This plate is glued on the needle pad, with the PC 

still intact, with a fast hardening “super” glue (cyan acrylate based) that withstands the 

PC etch. The solid paraffin is then placed on top of the washer and all this is 

encapsulated is UV-curing epoxy glue (figure 15). The glue is UV-curing so it can cure 

without melting the paraffin. 

 

                                                
7 According to notes from Marcus Lehto, department of material science at Uppsala University 
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Figure 15. Very simple proof of principle set up for paraffin actuated liquid transport through hollow 

microneedles. Step1: needle pad, step2: place PDMS cavity on the needle pad, step3: place paraffin on the 

PDMS cavity and step 4: enclose all parts in epoxy glue. (If needed step5: remove PC protection of the 

needles)  
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4. Result

4.1 Manufacturing Polycarbonate Molds
 

In these experiments two different doses of ion radiation have been used, 1.105 cm-2 and 

5.104 cm-2. A needle outer diameter of 15 µm (etched hole diameter) gives a closeness 

of 18% and 9% respectively. A high radiation dose together with a large hole diameter 

(high porosity) increase the number of holes that grow together (figure 16). This could 

create problems in form of altered needle areas, which would affect the mechanical 

properties of the needles and the liquid flow through them.  

 

 
Figure 16. At long etch times (large holes) the holes tend to “grow” together. (A) Dose 1.105 cm-2 and 

etch time 180 min. (B) Dose 1.105 cm-2 and etch time of 240 min. 

 

So the more and bigger needles that are required the more difficult it is to control the 

process and get a good mold.  

 

To etch the latent ion tracks a solution of 50% sodium hydroxid and 50% methanol was 

used. An etching study of several samples clearly shows a linear relation between 

etching time and hole diameter. The solution gives a bulk and pore etch rate of ~5.4 

µm/hour (figure 17).  
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Figure 17. Etching time for PC in 50% NaOH and 50% methanol. Hole diameter equals etch rate. 

4.2 Filling the Mold and Manufacturing Microneedles
 

The electroless deposition functions well. By protecting one side with tape before 

activating the surfaces of the sample and removing the protection before the actual 

plating, a thin layer of metal as a seed layer for electroplating was formed. 

 

The deposition rate of electroplating (7.6 µm/hour) is valid for deposition in non-

flowing electrolyte. Inside the etched pores the deposition rate is much lower with the 

set-up of continuous flowing electrolyte. To thicken the “bottom” of the needle pad the 

flow should be as high as possible (higher deposition rate outside the pores than inside 

of them). To strengthen the needles there should be a low flow or no flow at all, 

depositing equally inside and outside the pores. Figure 18 shows the needle pad before 

strengthening the bottom of the pad. The structure is fragile and very thin since light is 

passing through the pad. In Figure 19 the bottom of the pad is much thicker but still 

light is coming through the hollow needles, which shows that the needles are still 

functional and that the deposited metal has not clogged the interior of the needles. 
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Figure 18. Light optical microscopy picture with different light conditions. In the picture on the left the 

light comes from above the sample, while in the picture to the right it comes from underneath the sample. 

The light comes through the pores, hollow needles. The copper layer is very thin since the light is 

penetrating the film.  

 

 
Figure 19. As in Figure 18, but here the right picture shows the electroplate side and the film is much 

thicker since no light is penetrating the film. 
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A needle pad, after removing the PC-mold, is shown in figures 20-23. An ion radiation 

dose of 1.105 cm-2 was used for this sample, which gives a closeness of 18%. 

 

 
Figure 20. An SEM top view of a needle pad. Most of the needles have good circular tub shape.   

 

 
Figure 21. The same needle pad as in figure 20. The surface is tilted 10 degrees, which shows the high 

aspect ratio of the needles.  

 



30 
 

 
Figure 22. Close-up of a single needle that shows a smooth surface of the needle that proves a good 

electroless deposition of copper. 20 degrees sample tilt. 

 

 
Figure 23. Needle pads, with samples tilted 10 degrees and 60 degrees respectively, showing the random 

distribution of needles over a larger surface. 
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4.3 Penetration Study
 

The microneedles didn’t penetrate any of the tested materials, see table 1. However, 

comparing these materials with human skin with an outer protective surface (strateum 

cornum) with a thickness 10-20µm is a bit unfair. Not only because of the thickness but 

also because of high mechanical strength of both PC and PI. Further studies are needed 

to get complete results of the needles penetration properties.  

 

Material (thickness) Penetration 

PC (50µm) NO 

PC (25µm) NO 

PI (12µm) NO 
Table 1.  A microneedle pads penetration ability of different materials. 

4.4 Actuator Manufacturability and Functionality
 
The principle of proving the liquid transport is shown in figure 24. The device is heated, 

melting the paraffin and a drop of water is placed on the needle pad. Cooling the device 

will now make the paraffin withdraw and thus also “draw” the liquid into the reservoir. 

Removing the excess water placing it back on the heater will make the paraffin expand 

and thus pushing the liquid through the needles. If not the excess water is removed 

before reheating the device it would be difficult to see the change in volume of water on 

the device. It will not pull the complete drop of water inside the device only a small 

portion of it. 

 

 
Figure 24. Principle of proving that paraffin can be used to transport liquid through micrometer sized 

channels. 
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Heat is generated by a table heater with the temperature of ~100oC and the water drop is 

placed with an ordinary hospital syringe. 

 

A demonstrational device with needle inner diameter of 20 µm, needle thickness of 2.5 

µm and the needle closeness is 18 % (ion radiation dose of 1.105 cm-2), is shown in 

figure 25. The first picture shows the device after cooling and removal of excess water 

but before heating, the second picture shows how water has been pushed through the 

device after heating it. 

 

 
Figure 25. Picture of the demonstrational device transporting liquid when the paraffin was heated. 
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5. Summary and Discussion

5.1 Summary
 

This thesis work shows that it is clearly possible to manufacture high complex hollow 

microneedles with the suggested low complex technologies. Regarding the mechanical 

properties, e.g. sharpness, strength and biocompatibility, more studies are required. 

However, the flexibility of needle size, thickness, and closeness, together with the 

possibility of having a variety of metal for electroplating, the possibilities seem endless. 

With increased size and increased number of needles per area unit, the needles tend to 

grow together and making it more difficult to control the mechanical properties and 

flow.  

 

Regarding the actuator there is nothing that stops the device from working and the 

actual test was successful. There are a number of considerations. For example, the 

possibilities that the needle pad could flex by the force of the actuated paraffin and 

liquid, and that the paraffin could expand into glue joint or deform PDMS or epoxy and 

not at all expand into the cavity.  

5.2 Discussion
 

A literature review shows that microneedles can be fabricated by a number of different 

methods to yield a variety of needle sizes, shapes and materials. Solid microneedles 

have shown to increase transdermal delivery by numeral methods, and as in this case 

hollow microneedles have been shown to microinject fluids. Proper needle design can 

assure insertion into the skin that prevents needle fracture or patient pain. These studies 

suggest that microneedles may provide a powerful new approach to transdermal drug 

delivery.  

 

Ion track technology has proven to be a reliable technology of making plastic (PC) 

molds for microneedles. Easy to scale up batch processes, such as electroless deposition 

and electroplating, work well for manufacturing needle arrays in large quantities. The 

needle arrays are not only easy to manufacture, the fabrication time is short and the 

processes need not to be in a cleanroom environment.  
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The paraffin actuator, along with the needles, has shown to deliver liquid through the 

microneedle array. This proves that a paraffin actuator, along with an array of 

microneedles manufactured with ion track technology, can function as a transdermal 

drug delivery system. There are considerations with the random radiation of ions from 

the cyclotron and the actual dose can differ from place to place over the sample. This 

means that it is hard to modulate and anticipate for example the flow since you don’t 

know the exact number of needles. The electroless deposition and electroplating give 

the same problem since some pores do not grow any copper and some can overgrow 

completely. Paraffin is very strong and is associated with a high force when expanding 

and could deform weak components. This generates demands in form of aperture 

material as well as glue and component addition. 

 

Penetration studies showed that the manufactured needles arrays didn’t penetrate any of 

the tested materials. The tests were made using materials at hand (easy to attain), which 

have poor correlation with the mechanical strength of the human skin. The materials 

have all different strength and toughness, which makes it possible to narrow done the 

selection of needle sizes and radiation doses. 

 

The major difference from previous work done in the field is that the actuator is used 

together with the needle array. There are many reports on both microneedle 

manufacturing and microactuators and the knowledge in both of these areas are, if not 

large, but far beyond this report. If the two head projects, needle array and paraffin 

actuator, could be functional together was proven in the simple proof of principle 

experiment. It could mean that the project could be divided back to it’s originally form 

of needle array and actuator to optimize these separately, finally achieving an optimized 

product. 

 

Many of the performed experiments and testing of the device are not at all optimized, 

but give a fair picture of the device at hand. This work can give guidance to future work 

in the same area. 
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6. Conclusions and Outlook 
 

The microneedle transdermal drug delivery interface system considerably increases 

patient comfort and therefore acceptance towards transdermal drug delivery that 

otherwise only could be administrated trough a hypodermal needle. Easy and painless 

application for patients is an important issue when the demands of home treatment and 

self-curing are increasing. 

 

The average person probably visits a local pharmacists or drug store once a month to 

refill an old prescription or pick up some new medications. People have become used to 

taking a pill with their meals or administrating an insulin injection every morning. As 

child or as an adult before a trip to a foreign country, haven’t we all taken some type of 

painful vaccine injections? Microfluidic drug delivery systems may provide alternatives 

to these modes of administration. An integrated, smart device that is able to respond 

continuously to physiological changes and deliver precise amounts of therapeutic 

compounds will make a considerable impact on the way people live their lives. In the 

near future, the average person may not have to worry about filling any prescriptions at 

the pharmacy. The pharmacy-on-chip will be delivering drugs where they are needed 

when they are needed. 

 

With further research the injection needles are history since its micro sized counterpart 

still has the benefits of the large needle. Since it is painless and non-tissue damaging it 

can be easily be used by the patient them self. 

 

Within the near future (some exists today) these needle pads can subtract blood for 

analysis or identification. This gives even new dimension to this research area. Many 

questions remain answered, but maybe that way this is so interesting.  
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Appendix
 
Characteristics of transdermal patches* 
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Appendix
 
Bath 1 Conditioner DS-280 
 
Make up (1000 ml) 
 
Demineralised water 970ml 
Conditioner DS280M 30ml 
Conditioner DS280R 6ml 
 
Sample treatment 
 
1-2 minutes at 42oC 
 
Bath 2 Activator DS-500 
 
Make up (1000ml) 
 
Predip DS400 950ml 
Activator DS500 50ml 
 
Sample treatment 
 
3-4 minutes at 42oC 
 
Bath 3 Electroless copper 7260 
 
Make up (1000ml) 
 
DI water (35oC) 790ml 
Electroless copper 7260M 120ml 
Electroless copper 7260A 60ml 
Electroless copper 7260B 30ml 
 
Sample treatment 
 
20 minutes at 30oC gives a ~300nm thick copper layer. 
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Appendix
 
Faraday´s law states that the amount of electrochemical reaction that occurs at an 
electrode is proportional to the quantity of electric charge Q passing through an 
electrochemical cell. Thus, if the weight of a product of electrolysis is w, then Faraday´s 
law states that 
 

kQw       (11) 
 
where k is the electrochemical equivalent, the constant of proportionality. Since Q is the 
product of current and time the weight product becomes 
 

kItw       (12) 
 
Further according to Faraday´s law the production of one gram equivalent of a product 
at the electrode, weq, in a cell requires 96 487C, Faraday´s constant. One equivalent, weq, 
is that fraction of molar unit of reaction that corresponds to the transfer of one electron. 
Thus, 
 

))1.(,1( eqQFk
n

A
w wt

eq       (13) 

 
Where Awt, is the atomic weight of metal deposited at the cathode, and n the number of 
electrons involved in the reaction. 
 
Rearranging eq. (3) gives 
 

Fn
A

k wt        (14) 

 
The density, , of a material is 
 

hA
w

surface
      (15) 

 
Eq. (2), (4) and (5) gives the deposit thickness, h. 
 

surface

wt
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h      (16) 




