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Abstract 
 

In this report, a process of converting an Arduino Mini board onto 

paper substrate is presented.  As the component size on the original 

Arduino Mini is too small; a redesign on Eagle has been performed. 

Following on from this, the pattern is printed using a DMP ink-jet 

printer and a comparison of path resistance shows that the path re-

sistance after sintering (thermal heating: 110 °C, 15 Minutes) dropped by 

almost a half as compared to that without sintering. Meanwhile, four 

different kinds of material were evaluated by mounting via holes and 

different types of components. The experimental results indicate that 

3M 9705 Conductive tape is the optimal material for mounting the chip 

Atmega 328P-AU, moreover conductive epoxy is the first-ranked mate-

rial for mounting via hole and other types of components. Finally, the 

circuit is evaluated by means of +5V power source, +3V soft battery and 

+6V soft battery and this showed that when the circuit is powered by 

+5V power source and +6V soft battery, the LED on board can lights up. 

The +3V battery is not able to light up the LED because of the low cur-

rent through the whole circuit. 

 

Keywords: Arduino Mini, Printed, Ink-jet, Eagle, Sintering, Tape, Epoxy, 

Soft battery. 
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Terminology  
Abbreviations 

PCB Printed Circuit Board 

LED                                    Light-Emitting Diode  

Eagle                                  Easily Applicable Graphical Layout Editor        

DMP                                   Dimatix Materials Printer 

ANP                                   Advanced Nano Product 

PSA                                    Pressure Sensitive Adhesive      

PL                                       Picolitre 

PET                                     Polyethylene Terephthalate 

PEN                                    Polyethylene Naphthalate 

EMI                                    Electro Magnetic Interference 

RFI                                      Radio Frequency Interference 

 

Mathematical notation 

R Resistance 

I Current 

U Voltage   

Udrop                                Voltage drop 

UVcc                                   Voltage over Vcc pin on Atmega 328P-AU 
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1 Introduction 
This thesis work details a manufacturing process of an Arduino Mini on 

a paper substrate. Developing an Arduino board on paper could reduce 

the manufacturing costs; additionally it could save resources and be  

more eco-friendly as compare to a normal PCB.  In addition, ink jet 

printing is utilized this project and this involves depositing ANP Nano-

silver ink onto HP Photo Paper by means of a DMP ink-jet printer. 

Afterwards, a comparison of four different kinds of material for mount-

ing components is evaluated. The most suitable material was to be used 

in the mounting section for later stage of this project. The final board on 

paper would have the same functions as the real Arduino Mini. 

1.1 Background Information 

 

Printed electronics can simply refer to using different printing tech-

niques to create electrical device onto various substrates.[1] In the late 

1960s, “Print” electronics were firstly experimented with by Brody and 

Page who were employees at Westinghouse. They used a stenciling 

method to deposit inorganic thin-film transistors onto a paper substrate 

on a roll inside a vacuum chamber. [2-4]  

 

Figure 1-1. Gravure printing machine [5] 
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 In recent years, the equipment used in printing has significantly devel-

oped, with majority being  easy to handle and also achieving low costs. 

According to a research survey, flexography, screen printing, inkjet, 

gravure (shown in figure 1-1) and offset lithography are the most popu-

lar printed equipment available in stock at present time.    The printing 

technique used in this projectinvolves piezoelectric ink-jet printing. 

During the printing process, the shape of piezoelectric element changed 

due to the effect of an electronic pulse, and a mechanical pressure was 

induced which forced a small amount of ink out of the printing nozzle. 

[1] 

 

Moreover, printed electronics is famous for its support for flexible 

substrates, which can reduce manufacturing costs as well as allowing 

for the  fabrication of a flexible circuit. Nowadays, PET and PEN are 

considered as popular choices for substrates based on their low cost and 

high temperature stability.[6]  Paper could also be chosen as a material 

for a substrate, as it has lowest price, high roughness and large absor-

bency.  In addition, paper is more environmentally friendly, recyclable 

and flexible as compared to PET and PEN.   
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1.2 Overall aim  

 

The overall aim of this thesis project is to convert an Arduino Mini 

board equivalently onto a paper substrate with a low path voltage drop 

and to evaluate different kinds of material for mounting components 

and via holes. Finally, be the aim is to evaluate the circuit with a +5V 

power resource and soft batteries.  

 

 

 

 

 

1.3 Outline 

 

Chapter 1 provides an introduction and background information with 

regards to this project. 

Chapter 2 describes about the theory and the items used in this project. 

Chapter 3 illustrates the methodology used in this project. 

Chapter 4 details the implementation process of Arduino Mini on paper 

Chapter 5 presents the results and the evaluation of the final board. 

Chapter 6 provides a conclusion to the project. 
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2 Theory  
2.1 Eagle PCB Design Software 

 

The name of eagle is the abbreviation of “Easily Applicable Graphical 

Layout Editor”. It is a PCB design software invented by CadSoft Com-

puter and has been widely used since 1988. Eagle is famous for its 

friendly user interface, freeware license and large numbers of compo-

nent libraries available on the Internet. 

A freeware version contains a schematic editor and layout editor. A 

schematic editor is an editor which arranges part implementations and 

circuit connections. The layout editor is a tool to route and edit the 

layout structure. Within this software, there are a very large  number of 

parts available in its library. At the same time, there are many third-

party parts libraries available in websites, such as SparkFun Electronics.  

After the parts libraries are downloaded, the user is merely able to use a 

drag-and-drop method to import the files into the Eagle software plat-

form. In brief, it is quite convenient to design a PCB by using this soft-

ware. 

 

 

2.2 Dimatix Materials Printer  
 

 

The printer used in this project was a DMP 2800 Series ink jet printer as 

shown in figure 2-1 (Manufactured by Fujifilm).  It can print the deposi-

tion of fluidic materials on an A4 sized substrate by using a disposable 

piezo inkjet cartridge. Meanwhile, the printer can create and define a 

pattern around 200x300 mm and process the substrates up to 25 mm 

thick with an adjustable Z height [7].  In this project, the printer had 

been used a great deal but was still able, for the majority of times, to 

print patterns accurately.  In brief, it is a good printer for printing tasks 

and related researches. 
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                                          Figure 2-1.  DMP 2800 Printer 

2.3 Arduino Mini 05 

 

The Arduino Mini 05 is a small microcontroller board based on the 

Atmega 328P. It is different to its previous version, as it enables all the 

components on the top of the board.  

As figure 2-2 shows, the Arduino Mini has 14 digital input/output pins 

(6 of which can be used as PWM outputs), 8 analogue inputs and a 

16 MHz crystal oscillator.  Every digital pin on this board can be used as 

an input or output. All of them operate at 5 volts. Moreover each pin can 

provide or receive at most 40 mA current. [8]   

 

 

Figure 2-2. Arduino Mini 
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2.4 Nano-Silver Ink and Cartridge 

 

In general, the Nano-silver ink is a liquid such that particles are dis-

persed within the solvent.  The ink used in this project is Silver jet DGP 

40LT-15C, which is manufactured by Advanced Nano Product.  Accord-

ing to the product description, the solid content of this ink is between 

30%-50%. The viscosity is between 10-17 cPs and the surface tension is 

about 35-38.[9] The ink is contained in a cartridge named the Dimatix 

Materials Cartridge 11610 10PL , which consists of 16 nozzles and for 

which the volume of each drop is 10 PL. 

 

 

Figure 2-3.  DMC 11610 Cartridge 

2.5 Via Hole 

 

As figure 2-4 shows, a via hole is an electrical connection between layers 

in multi-layer PCBs. For instance, when the area of the first layer was 

fully occupied, but there were still some pins or component need to be 

connected. Designer could drill via hole and pass the wire through the 

hole into another layer until the position where close to the pins that 

needed to be connected.  Afterwards drill another hole and connect to 

the component in this layer. 
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Figure 2-4.  Via Hole 

In the recent industrial manufacturing, designers are attempinging to 

reduce the number of  via as few as few possible due to the extra cost 

involved in making a via in PCB.  

 

 

2.6 Sintering Technology for ANP Ink 

 

In general, the electric structures presented on paper substrate by means 

of Nano-silver ink are nonconductive immediately  after printing pro-

cess. This is mainly because of the dispersion of the Nano particles in the 

ink. In order to obtain a higher conductivity, sintering is required.  

Recently, one of the most popular sintering methods was thermal sinter-

ing; it can simply refer to heating the electric structure in an oven with a 

specified temperature and for the given length of time. After the thermal 

heating process, the adjacent nanoparticles could be melted and fused 

together. Thus, it can increase the conductivity of the electric struc-

ture.[10,11] 
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2.7 3M 9705 Tape 

 

One of the tapes that used in this project is named 3M Electrically Con-

ductive Adhesive Transfer Tape 9705.  It is a PSA transfer tape with 

anisotropic electrical conductivity. Nowadays, tape 9705 is widely used 

in the PCB or LCD industries. It is different to other types of mounting 

material and its most significant characteristic is that it can only conduct 

vertically as shown in figure 2-5. This is mainly because the PSA matrix 

of the 3M 9705 tape is filled with conductive particles which can only 

transfer electricity through the “Z-axis” (Adhesive thickness). [12] 

. 

 
Figure 2-5. 3M 9705 Tape current transfer direction 

 

 

 

2.8 3M 9713 Tape 

3M 9713 is an isotropically conductive pressure sensitive tape. It con-

ducts electricity through the thickness and in the plane of the adhesive. 

It is a double-sized tape, which is very convenient to handle and it is 

ideal for an EMI/RFI shield and for an EMI/RFI gasket attachment to 

metal surfaces. [13] 

2.9 3M Copper Tape 

 

3M Copper tape is a tape which contains a 1-ounce dead soft copper foil 

on tite reverse side and a nonconductive pressure-sensitive acrylic 

adhesive. Normally, it is used for applications which require electrical 

bonding, grounding, and EMI shielding. In addition, the copper foil on 

reverse side is solderable.[14] 
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2.10  Conductive Epoxy 

 

This conductive epoxy used in this project is a product of ITW 

Chemtronics. It had a good electrical conductivity and high strength 

conductive bond. This epoxy had two parts, which are the adhesive and 

hardener and in order to use it, mixing of these two parts must be mixed 

each time it is used.   

2.11  Atmega 328P-AU 

 

 

Figure 2-6. Atmega 328P-AU Pinout 

 

The microcontroller used in this project is the Atmega 328P-AU.  As 

shown in figure 2-6, it is a low power 8-bit microcontroller with 32 leads. 

Among them, there are 8 ADC channels, SPI channels, power supply 

pins, SCK, ground pins and so on.  Its operating temperature ranges 

from 40 °C to 85 °C and the operating voltage is between 1.8V to 5.5V. 

[15] 
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3 Methodology  
This project can be divided into two main steps.  The first step involves  

the re-designing of the Arduino Mini board on Eagle. Afterwards, there 

follows the printing of the layout and the implementation of the board 

on paper should be completed.  Finally, verification is required. At the 

same, it should be connected it with an AVR ISP, powered resource/soft 

battery in order to check whether or not  the board will work in a correct 

manner.  

3.1 Implementation Process for Print Arduino Mini on Paper: 

 

 

       Figure 3-1. Flow chart for implementation process of Arduino Mini 

 

 Due to the components (0603 Size) on the original Arduino Mini Board 

are too small to handle because the components were required to be 

mounted manually. Thus, changing all the components into a larger size 

(except the Atmega 328, crystal etc.) is essential. Afterwards, the circuit 

is printed and the voltage drop of the pathways is verified in theory, 

especially to check if the supply voltage is sufficient to activate the 

Atmega 328 or not. 

 

There were four different kinds of mounting material provided for this 

project. 3M 9713 tape, 3M 9705 Tape, Conductive epoxy and solder wire.  

During this process, all four materials would be used to mount a 0   Ω 

resistor in order to compare and evaluate the most suitable material to 



Printed Arduino Mini on Paper 

Qian Yu 

3 Methodology 

2013-06-13 

 

14 

mount components for this project. The overall flow chart for the im-

plementation process is shown in figure 3-1. 

3.2 Verification: 

 

 

Figure 3-2. Flow Chart for Verification 

 

After the board had been developed, verification was required to be 

carried out. Figure 3-2 indicated that a rough calculation was firstly 

required, in order to estimate the voltage drop from the input power pin 

to the Vcc and the AVcc on the chip. Afterwards, the circuit is powered 

using a  regular power resource to check whether or not the LED in the 

circuit could be lighted up or not. Finally, the circuit is powered using 

soft batteries, the results verified  and conclusions drawn.   
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4 Implementation 
4.1 PCB Design on Eagle 

 

In this section, a process concerning a  modification of the PCB file is 

presented. 

 

4.1.1 Modification Analysis for Original Eagle File 

 

Recently, the Arduino Mini has been widely used in many fields.  There-

fore it was quite easy to obtain its official Eagle file on the  Internet. 

According to figure 4-1, there were some points which required  optimi-

zation. 

 

 

Figure 4-1. Original Arduino Mini Board File 
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1. The component size on this original board was too small.  As all the 

components were required  to be mounted manually. Thus, chang-

ing the components into a bigger size proved necessary. 

 

2. There were around 37 via holes in this Eagle file. Based on the 

difficulties  associated with drilling and mounting the holes, at-

tempting to reduce the number of  to make as less via holes as pos-

sible should be the main target for the later layout design. 

  

3. In contrast to the regular Arduino Board, the pathways of this 

circuit would be printed by nano silver ink and, thus, there would 

be a   larger voltage drop is the case  in a regular board. Therefore, 

how to reduce the voltage drop caused by the wires should be taken 

into consideration during the later part of this project. 

 

 

4.1.2 0603 To 1206 

 

In order to make the mounting process easier, all the resistors, capaci-

tors and LED were changed into 1206 package as shown in figure 4-2. 

 

Figure 4-2. Component Size Conversion 
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4.1.3 Select Equivalent Components 

 

ATMEGA328P-MU to ATMEGA328P-AU 

 

As shown in figure 4-3, the original chip Atmega328P-MU did not 

contain any pins outside the pad. As a result, it would be very difficult 

to mount it on paper. Accordingly, it is necessary to change the chip to 

another case style type is quite necessary. Finally, Atmega 328P-AU was 

chosen to replace 328P-MU. 

 

                            

Figure 4-3. Atmega328 MU in layout editor 

 

Make a new part (Crystal Oscillator) 

 

Moving to the part of the 16 MHz crystal, the package number is 

HC49US. However, at the relevant time, only SMD components with 

two pins were available in stock. Hence, it was necessary to construct  a 

new part based on Eagle platform is needed. 
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          Crystal with four pins                                      Crystal with two pins 

                          Figure 4-4. Crystal Replacement 

 

In the Arduino Mini circuit, the crystal was used provided to resonance 

for the signal between the two capacitors (C2 and C4).  As figure 4-4 

shows, two pins were connected directly to the ground directly. At the 

same time, the other two pins were connected to the ground through the 

C2 and C4, indirectly. In brief, a crystal with two pins could still connect 

to the ground in this circuit. Therefore, a crystal with four pins could be 

replaced by that with two pins. 

 

 

 

 

4.1.4 Layout Design 

 

Once the schematic design had been completed, the layout design  

followed . 

First Trial  

 

Initially, locate every pin was located in  the same order as for the origi-

nal Arduino Mini board. The outline was the enlarged. Figure 4-5  

shows the layout in the first trial. 



Printed Arduino Mini on Paper 

Qian Yu 

4 Implementation 

2013-06-13 

 

19 

 

Figure 4-5. Layout file for first trial 

As shown in figure 4-6, via holes under U1 had been removed away, 

thus  making it more convenient to check the via holes when the board 

was fully mounted. 

 

                                            Figure 4-6. No via hole under chip. 

As the outline was enlarged; the pathway between each component 

became longer than that for the original Arduino Mini Board. Mean-

while, as the circuit was to be printed using ink at later stage, this must 

have a higher voltage drop than the normally wire in the PCB board. 

Thus, to minimize the pathway voltage drop, the length of pathway 

should be reduced but the width increased. According to the analysis 

determined from trial 1, some parts were modified for trial 2. 

Trial 2 
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In trial 2, the order of the pins was changed in order to have less via 

holes and shorter pathways.   

 

 

Figure 4-7. Layout for trial 2 

 

Compared to trial 1, the width of the bottom line was enlarged and,  in 

addition, the pathway through the regulator, power pin and LED be-

came wider, in order to minimize the voltage drop on the pathways. 

The most significant change was that the numbers of via had been 

reduced to 11 which make the mounting process much easier than was 

the case for the first trial. The final layout design is shown in figure 4-7. 

 

 

 

 



Printed Arduino Mini on Paper 

Qian Yu 

4 Implementation 

2013-06-13 

 

21 

4.2 Print Process 

 

One of the most important sections of this project was the printing 

process.  In general, the printer would able to print exactly what it 

designed in the PCB software. However, it was sometimes the case that 

a number of errors could  occur . As the pathway was quite thin and 

short, it was difficult to check visually as whether or not it had been 

correctly printed and  us thus this was conducted by means of a digital 

viewer.  As shown in figure 4-8, one of the pathways was severely 

damaged.  

 

 

Figure 4-8. Picture from digital viewer 

In the author’s own printing experience, several problems were encoun-

tered, For instance, when the printer was printing the second layer, a 

part of the first layer was damaged by the inkjet header.  According to 

the datasheet of the paper substrate, the thickness of the paper is 10.5 

mil (About 266.7 μm). Therefore, the thickness of the substrate should 

be settled at 500 μm. 

In this project, the ink used was ANP DGP 40LT-15C silver ink, the print 

waveform was ANP Silver; the firing voltage was 22V, and the printing 

temperature was 31 °C. Normally, 3 of the 16 nozzles were used to print 

each time. Before the printing process start, a very careful check of the 

nozzles with regards to the drop was essential.  The best one/three 

nozzles were chosen ads these produced the test and continuous drops. 
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Resistance of the Pathway: 

 

R=pL/S 

According to the formula above, the resistance of the pathway, which 

printed 2 twice could enlarge the cross section of the resistor (S) and the 

resistance must be lower than that of the one printed only 1 once. In 

order to obtain more accurate information, an experiment was conduct-

ed. 

 

 

                          Figure 4-9.  Sheet Resistance comparison  

As the figure 4-9 shows above, the resistance of the pathway (Length: 

39mm, Width: 2mm, after sintering) which printed once obtained a 

sheet resistance of 0.14 Ω/sq and the one printed twice had the sheet 

resistance of 0.06 Ω/sq.  The sheet resistance of the pathway dropped 

more than a half after it was printed once more.  In this project, the 

majority of the pathway resistances were less than 10 Ω. Therefore, such 

a small difference would not have a significant effect on the circuit.  

Hence, print the circuit only once should be the best choice for this 
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project. At the same time, it can save the silver ink which will also lead 

to a lower cost. 

 

Print Whole Circuit 

 

In order to obtain a higher conductivity, thermal sintering was used in 

this section. The printed circuit was retained in an oven at temperature 

of 110°C for about 15 minutes. 

Figure 4-10. Sheet resistance comparison before and after sintering 

As shown in figure 4-10, the sheet resistance of the pathway after sinter-

ing had been dropped by more than a half. For instance, the original 

resistance of path1 was more than 15 Ω (Sheet resistance 0.58Ω/sq). 

However after sintering, the resistance dropped down to around 5 Ω 

(according to the datasheet, the current through each pin is 40mA, thus 

a 10 Ω resistance drop could reduce a 0.4V voltage drop) and the corre-

sponding sheet resistance is about 0.19 Ω/sq. Thus, sintering was essen-

tial for this project. 
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4.3 Mounting Components 

In this section, a process regarding how to mount different types of 

components by using different mounting material is discussed. 

 

 

4.3.1 Mounting Material Comparisons  

 

 

Initially, an experiment concerning measuring 0 Ω 1206 resistance (re-

sistance measured without substrate is 0.01 Ω) which was mounted by 

means of four methods was conducted. The top view of each resister 

is shown in figure 4-11.  

 

Figure 4-11. Experiment top view 

 

Figure 4-12. Method to measure the resistance 
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In order to obtain an accurate result, the header of the multi-meter 

should only touch on the position of the silver ink where it is close to the 

resistor as shown in figure 4-12. The distance between the resistor and 

the header should be the same.   

According to the product instruction regarding the conductive epoxy, 

thermal heating was required after the epoxy was added. The pathway 

including resistor was placed in the oven at a temperature of 64-100 °C 

for 10 minutes.  After masking the tape onto silver ink, it is necessary to 

tightly press the two together so as to make a complete contact between 

tape and silver ink.  

 

Figure 4-13.Resistance value for five trials 

 

Figure 4-14. Mean value comparison 
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As shown in figure 4-14, the resistor mounted by solder wire had the 

lowest resistance.  The solder wire used in this project was mainly 

constructed by lead.  On the other hand, the resistance obtained by 

using conductive epoxy was only a little higher than that mounted by 

solder wire.  Due to the difficulties encountered in soldering wire on a 

paper (because the high temperature would damage the paper and 

silver ink pads), conductive epoxy preferable to solder wire. 

 

 

Figure 4-15.  Method how to tape the resistor by using 3M 9705 Tape 

 

In relation to the two kinds of tapes, one of them is 3M 9713 conductive 

tape which can conduct current in all directions and the other one is 3M 

9705 tape which can only conduct current in one direction due to the 

conductive particles filled in this tape can only conduct electricity 

through Z-Axis. . Thus, in order to implement a continuous circuit, the 

3M 9705 tape should enclose the resistor as shown in Figure 4-15. 

 

According to the measurement, the resistor mounted by tape obtained a 

higher resistance than was the case for the conductive epoxy and for the 

solder wire. In addition, compared to other materials, the tapes were 

easy to mount but they were however, pressure sensitive. The result was 

not stable as compared to that for the other two versions. In summary, 
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the conductive epoxy should be the first choice in relation to mounting 

components in the any further work for this project. 

 

 

4.4 Mounting the holes 

 

This section presents a process of experiment regarding how to make 

and mount via holes and three different kinds of methods are detailed.  

 

4.4.1 Process to make Via Holes 

 

Firstly, use a drill machine (drill size: 1 mm diameter) to drill the corre-

sponding silver ink pads for via holes. Afterwards, enlarge the size of 

the hole, if required by using a toothpick. Finally, use the knife to re-

move the paper on the reverse side of the substrate. 

 

4.4.2 Mount with Copper Tape 
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Figure 4-16. How copper tape filled in via hole 

 

One of the tapes provided in this project was 3M copper tape. It was a 

tape which is widely used in electromagnetic shielding and surface 

mount transmission lines in the electronics industry.  In this project, the 

method involved in using copper tape is to cut a very thin piece and 

make it cross over a via hole. At the same time, both side of the copper 

tape should be in contact with the silver ink on both layers as shown in 

figure 4-16.  

Based on the high conductivity, after the hole was mounted, the re-

sistance only increased by about 0.3 Ω as compared to that for the origi-

nal circuit.  On the other hand, it also had a very serious drawback; 

because the average diameter of a via hole in this circuit is around 2mm, 

it is thus rather difficult to cut a piece with such a short width (1mm) by 

using scissors.   In summary, conductive copper would not be consid-

ered as being a good material to mount via holes.   

 

 

4.4.3 Mount with 3M 9713 Conductive Tape 

 

 

 

Figure 4-17. How tape filled in via hole. 
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 Firstly, cut a small piece of tape and tape it at the edge of the bottom 

line which it was required to mount.  Check the empty part of the via 

hole until it is aligned with the edge of the bottom line. After this, com-

bine two layers and now via hole will now have been  stabilized.  Cut 

another piece of tape and then roll it up into a cylinder. Finally, fill the 

via hole with cylinder tape. The tape should now cover the rest of the 

silver ink on via hole in first layer as shown in figure 4-17.  

 

 The measurement, taken afterwards, indicated that the resistance 

between the holes had been increased sharply. Taking one case, for 

example, where the original resistance of a bottom line is around 6 Ω. 

After mounting the via hole with conductive tape, the resistance had 

been increased by the factor of 30 to 150Ω.  This is mainly because of the 

multiple layer in the hole may cause a higher resistance.  Thus, mount-

ing via holes by means of conductive tape could not be chosen for the 

final mounting process. 

 

4.4.4 Mount with Conductive Epoxy 

 

 

 

Figure 4-18.  how conductive epoxy filled in via hole  
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As the conductive epoxy was initially watery, if the epoxy was used to 

mount the hole just after mixing, some problems would occur. For 

instance, in this circuit, the clearance between each pin, components and 

pathways were quite small. Thus, the epoxy might flow into another 

position or wire when mounting the holes.  

 

In order to solve this problem, a longer mixing time was required.  Mix 

part A and Part B of the epoxy and wait for around 5 minutes (based on 

the product description, the epoxy should be used out between 2 min 

and 10 min just after mixing Part A and Part B). After 5 minutes, the 

epoxy became much drier than was the case previously, thus making 

the mounting process more convenient. After filling the epoxy into via 

hole, a thermal heating (10 minutes, 100 °C) was required. It was finally 

decided from the measurement results that the indication was  that the 

resistance only increased by 0.3 Ω as compared to that for the original 

one. Therefore, conductive epoxy was the best material for mounting via 

holes. 

 

 

4.5 Mount Atmega 328P-AU 

 

In this section, an experiment regarding how to mount the chip-

Atmega328P is presented.  

4.5.1 Trial of Solder Wire 

 

The package type of Atmega 328P-AU used in this project was surface 

mount. In general, the component should be mounted by using solder 

wire. However, in order to mount the chip on its pads, it was not possi-

ble for soldering header not to touch the silver pads. As the temperature 

of the soldering pen was normally around 300 °C, it would damage both 

silver paste and the paper. Therefore, soldering by solder wire should 

not be chosen as the method for soldering Atmega 328P-AU. 
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4.5.2 Trial of Conductive Epoxy 

Based on the previous experiment, conductive epoxy could be considered 

as a good material to mount components. A supposition is that this materi-

al might work well with regards to mounting the chip. 

The chip Atmega 328P-AU contains 32 pins and the clearance between 

each pin is 0.24mm. Thus it is quite difficult to mount the epoxy into 

every pin. Meanwhile, even if each pin was coated with epoxy, it is 

difficult to align the pin into its corresponding silver ink pad. The rea-

son being that if the chip was moved even a very small amount, the 

epoxy from other pins would overlap the original one and thus short 

circuit problems would occur at a later stage in the project. Thus, con-

ductive glue could not be used to mount Atmega328P-AU. 

 

4.5.3 Trial of 3M 9705 Tape 

 

 

Figure 4-19. Current transfer direction through IC 

Finally, 3M 9705 tape was tested.  Based on its special transfer properties, 

the current only transfers in one direction as shown in figure 4-19. 

Therefore, if a piece of tape was pasted onto the silver ink pad for the 

Atmega328P-AU, the current would be only be transferred directly 

up/down into the pins of this chip and it would not transfer between 

pins on the chip. After putting the tape onto the substrate, any hardly 
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pressure was required to make a complete contact between the tape and 

the substrate. The top view of the IC pad after taping onto the substrate 

is shown in figure 4-20.  

 

 

 

 

 

 

Figure 4-20. Top view of IC pad 

 

 

Figure 4-21. Resistance comparison before and after taped 

According to figure 4-21, the resistance of the pathways before tape and 

after taping (Measured between the silver ink pin and its corresponding 

pins on the chip) only had a very small difference of around 1.5Ω. Thus 

it would not affect the whole circuit. In summary, 3M 9705 was the best 

material for mounting the Atmega 328P-AU chip. 
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5 Results 

 

                       Figure 5-1. Top layer of the board 

 

5.1 Board Verification: 

 

In order to ensure the board can be used in the future use, some verifica-

tion was essential.  
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Figure5-2. Pathway from input to Vcc 

 

Analysis in theory 

 

Based on the measurement of the pathway which goes from the Power 

Pin to the VCC on the chip (green Line in figure 5-2), the resistance is all 

around 10 Ω. According to the datasheet and ohms law, the voltage drop 

on this pathway would be: 

 

Udrop=I*R=40mA*10ohm=0.4V 

Uvcc=U-Udrop=5-0.4=4.6V 

 

According to the datasheet, the operating voltage for this chip was 1.8V-

5.5V. Thus, if the circuit was powered by a +5V power supply, it would 

work. 
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+5V Power Supply 

When the board was powered by means of a +5V input along with a 

power source (+5V) from AVRISP, the LED lit up as shown in figure 5-3 

which indicated the board was working correctly. The voltages meas-

ured at Vcc and AVCC were around +4.4V, which was close to the value 

calculated theoretically. Meanwhile, the current through the whole 

circuit was 4mA. In conclusion, the Arduino Mini board was converted 

onto paper successfully. 

 

 

Figure 5-3. LED Lighting up 
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Testing by +3V & +6V Battery 

When the circuit was powered by a +3V soft battery, the LED did not 

light up. The current through the whole circuit was about 1.7mA.  

When adding another +3V battery as shown in figure 5-4, the LED did 

light up, while the current is about 3.3 mA. After lighting the LED for 

around 25 min, the voltage of the battery dropped to +5.5V. In brief, 

battery could be chosen as a good power source, but it would be better 

to have a larger capacity in order for it to have a longer working time. 

 

 

Figure 5-4. Connect two +3V batteries in serial 

 

 

 

 

. 
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6 Conclusions & Further Works 
The conversion of Arduino Mini on paper had been successfully com-

pleted. It involved pattern printing, component mounting and final 

verification. When connecting the circuit with a +5V power source from 

a function generator and a +6V soft battery, the LED on the circuit lit up. 

At the same time, based on the development of this board, it was shown 

that the 3M 9705 was the best material for mounting chips with a short 

pin clearance and a small size. Conductive epoxy could be used as the 

ideal material to mount a SMD resistor, capacitor, LED and so on.  

 

In order to improve and optimize this project, some further work could 

be taken into consideration. For instance,it could be possible to bootload 

the printed Arduino Mini and connect it with an external device, such as 

a motor or range sensor and additionally  writing some test programs 

within the Arduino IDE platform. 
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Appendix A: Schematic Sheet in 
Eagle 
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Appendix B: Layout Design in Eagle 
 

 


