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The Machine that  Would  Pr int  the  Cel l  Phone 

The Future is Already Here
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Digital AME board vs. Analog PCB processing

Process of using 

Additive 

Manufacturing 

Technology (AME)

for manufacturing 

of Functional 

Electronic 

Circuits, by direct 

printing of both 

Dielectric and 

Metal Elements –

A Digital Process

Printed Circuit Board 

(PCB) and the other 

devices, like 

interposers, 

packages, 

IC manufactured by 

solid state technology  

processes   

– An Analog Process
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AME machine- real 3D printing tool 

S Y S T E M  I N  PA C K A G E

○ Multilayer thick print – thousands of layers, up to 12 mm

○ Embedded electronic and optical components

R A P I D  P R O T O T Y P I N G  I N  H O U S E

○ Months > days>hours

I N N O VAT I V E  R A P I D  PA C K A G I N G

○ Compact, lightweight and robust package

P R I N T E D  E L E C T R O N I C S  C O M P O N E N T S

○ High Accuracy Capacitors, Inductors and transformers 

Integrated in the board

D E F E N S E ,  A E R O S PA C E ,  M E D I C A L  A N D

A U T O M O T I V E

○ Light weight

○ Integrated design

○ No outgassing

DRAGONFLY AME MACHINE
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Abstract — This paper explores the potential of a 3-D 
printing technology for the development of radio frequency 
(RF) systems. Within this study, the design process, 
simulation, fabrication, and testing of a 3-D printed circuit 
RF amplifier will be explored. The RF amplifier circuit is 
fabricated using a 3-D printer capable of depositing a 
dielectric substrate and metal transmission lines, allowing for 
double-sided, multilayer circuits of high RF quality. The 3-D 
printed RF amplifier demonstrated performance as good as 
one developed with conventional manufacturing techniques 
up to 6 GHz limited by the active components in the amplifier 
circuit. The gain difference between the 3-D printed circuit 
and the conventionally manufactured circuit was less than 1 
dB up to 4.7 GHz and less than 1.3 dB up to 6 GHz. 

Index Terms — 3-D printing, amplifier 

I. INTRODUCTION 

3-D printing of radio frequency (RF) circuits is being 

considered for RF systems [1-4]. 3-D printing has benefits 

that can reduce development time and cost, while allowing 

the fabrication of complex systems that cannot be 

manufactured by conventional means. Additionally, 

circuits and systems that have rigid packaging integrated 

with flexible circuits can be achieved in a single print 

without the need for cables and connectors. In this paper, 

we demonstrate the use of a Nano Dimension Dragonfly 

2020 3-D printer for the development of RF systems. 

The fabrication of the RF amplifier circuit is shown in 

Figure 1. The 3-D printer deposits a dielectric substrate 

and metal transmission lines with high resolution and 

precision, allowing for double-sided, multilayer circuits of 

high RF quality. The goal of this study was to see how the 

3-D printing technology compares with conventional 

manufacturing using FR4 substrate material as the 

baseline. 

II. DESIGN 

An important aspect for RF performance of 3-D printed 

systems is the quality of the dielectric materials as defined 

by dielectric constant (DK) and loss tangent (dissipation 

factor, DF). DK guides the characteristic impedance of RF 

circuits, such as transmission lines, dielectric antennas, 

and quasi-optical lenses. Loss tangent, as the name 

implies, determines the dielectric loss  

The Nano Dimension printer’s dielectric material was 

characterized for DK and DF from 100 MHz to 6000 Hz. 

To enable RF measurements to be taken, the material was 

shaped as a 1 cubic inch cube, a size large enough to 

propagate the required frequencies. The test utilized a 

network analyzer to generate the RF signal, which was 

directed to a coaxial probe through a coaxial cable. The 

signal reflected off the cube of material and was directed 

back to the analyzer, where the amplitude, phase, and 

frequency was measured relative to the input signal. From 

this information, a software program calculated and 

extracted DF and DK as a function of frequency. The DK 

exhibited a negative slope with a value of 3.2 at 100 MHz 

to 2.8 at 6000 MHz. A negative slope is common with 

many types of 3-D printed materials, including acrylate-

based and polyurethane based materials [5]. The DF 

varied from 0.04 to 0.06 over the same frequency range 

and like commercial acrylate-based and polyurethane-

Mesh RF ground

RF input RF output
 

Figure 2.    3-D printed RF amplifier. The amplifier 

includes mesh ground between the input and output to 

allow for bending. 

 

 

 
Figure 1. Printing of the RF amplifier circuit on the 

Dragonfly 2020. 
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PCB vs. AME and SiP boards 

PCB 

3D Printed Board

4

System in Package (SiP)
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RF/Electronics components assembling 

SiP process flow 

RF components 
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Drop Continuously Drop on Demand 

https://www.nano-di.com/


NASDAQ: NNDM I www.nano-di.com | © 2020 Nano Dimension. All rights reserved. 7

How does it  work?

○ The objects are built up, layer by layer, through full stack thickness  

○ Inject printheads prints the dielectric and conductive layers 

○ Conductive layers and dielectric layers are printed simultaneously

○ Lines, pads, filled vias, hole vias, inductors, capacitors, cavities,

○ Just one manufacturing step: No need for PR coating, photolithography, etching, pressing, 

electroplating!

https://www.nano-di.com/
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Inks: Dielectric (DI) and Conductive Ink (CI)

8

Conductivity (Silver nano particles) (S/m) at 20 °C] *up to 60% bulk Silver 15x106 – 30 x106 

Tg (DMA, 10 Hz, tan delta) 162

Decomposition temp. (Td 5%) (TGA) 351

Flexural strength (crosswise) N/mm2 106.4

Dielectric breakdown (thickness 0.6mm) KV 40.3

Silver Nanoparticle
Conductive Ink AgCite™

UV Curable Dielectric
Acrylates Ink

Dielectric
Constant (Dk) 

Tangential
loss (Df) 

200MHz 2.80 0.000
500MHz 2.81 0.004
1GHz 2.81 0.006
2GHz 2.80 0.011
5GHz 2.78 0.012
10GHz 2.76 0.013
15GHz 2.75 0.013
20GHz 2.78 0.012

https://www.nano-di.com/
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Design Rules – Basic Data

© Nano Dimension 2017

• Minimum dielectric thickness: 35um +3um 
step

• Minimum metal plate thickness: 17um+0.3um 
step

• Width trace: 108um
• Release between traces: 108um
• Maximum number of dielectric layers: 55
• Minimum Via diameter: 200um

• Minimum Through-Hole Via: 400um
• Max Board dimension: 160x160x3mm^3
• Min BGA pitch: 0.5mm

Nano Dimension Confidential and Proprietary

0.3mm~0.4mm
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Applications

© 2019 Nano Dimension, All Rights Reserved

Antennas:
Microwaves – High frequencies
From 5- 35Ghz.
Phase array antenna, flat antenna 

3D Shapes:
Internal & External
Capacitors, Coils, Filters, Flat 
Motors 

Side mount,
Flexibility boards

Multi layers,
Standard Board

3D Shapes:
Embedded solution
(System on package)

https://www.nano-di.com/
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EXAMPLES: Boards

https://www.nano-di.com/
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EXAMPLE: RF antennas and components
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Abstract — This paper explores the potential of a 3-D 
printing technology for the development of radio frequency 
(RF) systems. Within this study, the design process, 
simulation, fabrication, and testing of a 3-D printed circuit 
RF amplifier will be explored. The RF amplifier circuit is 
fabricated using a 3-D printer capable of depositing a 
dielectric substrate and metal transmission lines, allowing for 
double-sided, multilayer circuits of high RF quality. The 3-D 
printed RF amplifier demonstrated performance as good as 
one developed with conventional manufacturing techniques 
up to 6 GHz limited by the active components in the amplifier 
circuit. The gain difference between the 3-D printed circuit 
and the conventionally manufactured circuit was less than 1 
dB up to 4.7 GHz and less than 1.3 dB up to 6 GHz. 

Index Terms — 3-D printing, amplifier 

I. INTRODUCTION 

3-D printing of radio frequency (RF) circuits is being 

considered for RF systems [1-4]. 3-D printing has benefits 

that can reduce development time and cost, while allowing 

the fabrication of complex systems that cannot be 

manufactured by conventional means. Additionally, 

circuits and systems that have rigid packaging integrated 

with flexible circuits can be achieved in a single print 

without the need for cables and connectors. In this paper, 

we demonstrate the use of a Nano Dimension Dragonfly 

2020 3-D printer for the development of RF systems. 

The fabrication of the RF amplifier circuit is shown in 

Figure 1. The 3-D printer deposits a dielectric substrate 

and metal transmission lines with high resolution and 

precision, allowing for double-sided, multilayer circuits of 

high RF quality. The goal of this study was to see how the 

3-D printing technology compares with conventional 

manufacturing using FR4 substrate material as the 

baseline. 

II. DESIGN 

An important aspect for RF performance of 3-D printed 

systems is the quality of the dielectric materials as defined 

by dielectric constant (DK) and loss tangent (dissipation 

factor, DF). DK guides the characteristic impedance of RF 

circuits, such as transmission lines, dielectric antennas, 

and quasi-optical lenses. Loss tangent, as the name 

implies, determines the dielectric loss  

The Nano Dimension printer’s dielectric material was 

characterized for DK and DF from 100 MHz to 6000 Hz. 

To enable RF measurements to be taken, the material was 

shaped as a 1 cubic inch cube, a size large enough to 

propagate the required frequencies. The test utilized a 

network analyzer to generate the RF signal, which was 

directed to a coaxial probe through a coaxial cable. The 

signal reflected off the cube of material and was directed 

back to the analyzer, where the amplitude, phase, and 

frequency was measured relative to the input signal. From 

this information, a software program calculated and 

extracted DF and DK as a function of frequency. The DK 

exhibited a negative slope with a value of 3.2 at 100 MHz 

to 2.8 at 6000 MHz. A negative slope is common with 

many types of 3-D printed materials, including acrylate-

based and polyurethane based materials [5]. The DF 

varied from 0.04 to 0.06 over the same frequency range 

and like commercial acrylate-based and polyurethane-

Mesh RF ground

RF input RF output
 

Figure 2.    3-D printed RF amplifier. The amplifier 

includes mesh ground between the input and output to 

allow for bending. 

 

 

 
Figure 1. Printing of the RF amplifier circuit on the 

Dragonfly 2020. 
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EXAMPLE: Transformers
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EXAMPLE: Capacitors

Nano Dimension Confidential and Proprietary
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EXAMPLE. Vertically Stacked ICs 
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EXAMPLE: Side mount/contact
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EXAMPLE: Low pass filter
17
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