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The first step… 

…wins the battle
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1. From external to internal, miniature and multiband

2. From custom to off the shelf (standard)

3. Modular: multiple radios (ports) into one component

J. Anguera, A. Andújar, and C. Puente, “Antenna-Less Wireless: A Marriage Between Antenna and Microwave Engineering”, Microwave Journal (invited paper), vol.60, no.10, October 2017, pp.22-36.

Antenna Evolution
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Virtual Antenna™ in the market

• Thingy:91 by Nordic Semiconductor

• TRIO mXTEND™ by NN

• Global Cellular IoT with embedded

antenna

• Mobile + GPS in a single antenna 

component

Already introduced in the market the following products and applications:

fleet management, smart tracking, smart metering, headsets, smart home, smart cities, alarms, IoT/Mobile modules, 

medical devices, IoT sensors
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Best quadrant (L,W<average L,W) 

Worst quadrant (W> average W, L> average L)Intermediate 

quadrant 

(W>average W)

Intermediate quadrant (L>average L)

Virtual Antenna™ Other antenna technologies 

average L=53.1 mm, W=9.8 mm

See more Info at https://www.mdpi.com/2079-9292/10/7/808

https://www.mdpi.com/2079-9292/10/7/808
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Virtual Antenna™ features

One antenna

Any band

Any device

Use the same antenna in every device, 

regardless of the form factor. Change 

platform  by just changing the matching 

network.

Use the same antenna for every frequency 

band, even for multiple of them all together 

(multiband design). Change protocol and 

frequency by just changing the matching 

network.

Frequency is 

selected by the 

CUSTOMER, not 

by the antenna 

component
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2. Virtual Antenna™ architecture

www.fractusantennas.com

clearance area

RF 

module

matching network

antenna

booster

electronic

components on

both PCB sides

▪ Virtual Antenna™ technology is a new

generation of chip antennas called antenna

boosters.

▪ The system includes: an antenna booster,

a matching network and a ground plane.

▪ Antenna booster design and placement

optimize radiation from IoT system

ground plane.

▪ Antenna booster design and placement

enables packaging the antenna component

in a tiny and off-the-shelf chip (x10 times

smaller).

feeding line

ground plane

The antenna 

radiating system is 

the 3 elements all 

together: chip, 

matching network 

and PCB ground 

plane
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Virtual Antenna™: select frequency operation
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Besides antenna first, your IoT device size matters

• Besides antenna booster

location, device size matters

• Consider radio performance

when deciding the device size

Note: Indicative measure values on a bare PCB

f  900MHz

f  2000MHz
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3. Embed Virtual Antenna™ in 1,2,3

• Step #1. Select the best antenna booster and place it on the IoT device

• Step #2. Design the matching network

• Step #3. Measure the device

See paper at: Jaume Anguera, Aurora Andújar, Carles Puente, “Virtual Antenna™: Easy Design of IoT Devices with Embedded Antennas”, Microwave Engineering Europe, Sep-Oct, 2019

https://ignion.io/design-center/tutorials-webinars/ https://ignion.io/design-center/tutorials-webinars/ https://ignion.io/design-center/tutorials-webinars/
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Step #1: Place your antenna booster

As a rule of thumb, placing the antenna booster at 

the corner provides better bandwidth and 

efficiency
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Step #2: Design the matching network

• The antenna booster has a non-resonant impedance which can be easily matched with a 
matching network

With matching network

RUN
mXTEND™

Z1=4.3nH

Z2=18nH

Z3=0.9pF

With matching

network

Without matching network

Without matching network

Ground plane is 120 mm x

60 mm printed on a FR4

substrate (1mm thick,

r=4.15, tan=0.014)

Antenna booster is

12 mm x 3 mm x 2.4 mm(h):

/30 at 900MHz
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4. Ignion Products – Virtual Antenna™

Links to the related documentation associated to each product available by clicking the product images in the top

https://ignion.io/product/all-mxtend/
https://ignion.io/product/run-mxtend/
https://ignion.io/product/bar-mxtend/
https://ignion.io/product/cube-mxtend/
https://ignion.io/product/trio-mxtend/
https://www.fractusantennas.com/files/AN_FR01-S4-224_ISM_Ground_Plane_Impact.pdf
https://ignion.io/product/duo-mxtend/
https://ignion.io/product/one-mxtend/
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Multiband Design (I): RUN mXTEND™ antenna booster

This product and its use is protected by at least one or more of the following patents and patent applications US 8,203,492; US 8,237,615; 
PCT/EP2013/064692; WO2014/012842; US 62/028,494; US 62/072,671; and other domestic and international patents pending.

Antenna booster is

12 mm x 3 mm x 2.4 mm(h):

/30 at 900MHz

A=120mm, B=109mm,

C=60 mm, D=8mm,

m=5mm

Ground plane is B x C

LTE

Transceiver

(nRF9160) 
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Multiband Design (II): RUN mXTEND™ antenna booster

This product and its use is protected by at least one or more of the following patents and patent applications US 8,203,492; US 8,237,615;

PCT/EP2013/064692; WO2014/012842; US 62/028,494; US 62/072,671; and other domestic and international patents pending.

LTE

Transceiver

(nRF9160) 

Antenna booster is

12 mm x 3 mm x 2.4

mm(h):

/30 at 900MHz

A=131mm, B=120mm, C=60

mm, D=8mm, E=5mm,

F = 20mm.

Ground clearance is F x D

https://ignion.io/files/AN_NN02-224_LengthClearance.pdf

https://ignion.io/files/AN_NN02-224_LengthClearance.pdf
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Multiband Design (III): TRIO mXTEND™

This product and its use are protected by at least one or more of the following patents and patent applications PAT. US 62/529032; and other

domestic and international patents pending. Additional information about patents related to this product is available at

www.ignion.io/virtualantenna/.

A=142mm, B=130mm, C=60
mm, D=9mm, E=40mm, F =
20mm, G = 12mm
Ground clearance is E x G

LTE

A=142mm, B=130mm, C=60

mm, D=9mm, E=40mm, F =

20mm, G = 12mm

Ground clearance is E x G

Antenna booster is

30 mm x 3 mm x 1 mm(h)

Transceiver

(nRF9160) 

https://ignion.io/files/UM_NN03-310.pdf

https://ignion.io/files/UM_NN03-310.pdf
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Multiband Design (V): ONE mXTEND™

A=131mm, B=120mm, C=60
mm, D=8mm, E=5mm, F =
30mm, G = 11mm
Ground clearance is F x G

Transceiver

(nRF9160)  

Antenna booster is 

7 mm x 3 mm x 1 mm(h)

https://ignion.io/files/AN_NN02-201-2G_3G.pdf

This product and its use are protected by at least one or more of the following patents and patent applications PAT. US 

62/529032; and other domestic and international patents pending.

https://ignion.io/files/AN_NN02-201-2G_3G.pdf
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TRIO mXTEND™: Multi-Radio
• Customer pains: 

Customized antenna for any band, any device

As many antennas as communication systems: one antenna for NB-IoT/LTE-M+ one 
antenna for GNSS + one antenna for BLE/WiFi

• Antenna solution in the market: TRIO mXTEND™ chip antenna! 

IoT device

NB-IoT

WiFi

NN

IoT device

NN

NN

NN

Current technology:
• 3 antennas: not cost 

effective
• Large area on the device: 

difficult to integrate other
components

• Slow to design
• Bulky solution: stopper

for Open Hardware 
Platform designers

Virtual Antenna™:
• 1 antenna: cost effective
• Small area on the device: 

easy to integrate other 
components

• Fast to design: reduced 
time to market

• Compact solution: make 
design easy for Open 
Hardware Platform 
designers

NB-IoT

WiFi
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LTE BZ

GPS

Multi-Radio (I): Cellular IoT, GNSS, and BT/Thread/Zigbee

A=142mm, B=130mm, C=60

mm, D=9mm, E=40mm, F =

20mm, G = 12mm

Ground clearance is E x G

Antenna booster is

30 mm x 3 mm x 1 mm(h)

Transceiver

(nRF9160)  Transceiver

(nRF5340)  

This product and its use are protected by at least one or more of the following patents and patent applications PAT. US 62/529032; and other

domestic and international patents pending. Additional information about patents related to this product is available at

www.ignion.io/virtualantenna/.

https://ignion.io/files/AN_NN03-310_Mobile_GNSS_BZ.pdf

https://ignion.io/files/AN_NN03-310_Mobile_GNSS_BZ.pdf
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Multi-Radio (II): DUO mXTEND™ - GNSS & BT/Thread/Zigbee

This product and its use is protected by at least one or more of the following patents and patent applications US 8,203,492; US 8,237,615;

PCT/EP2013/064692; WO2014/012842; US 62/028,494; US 62/072,671; and other domestic and international patents pending.

GNSS Bluetooth

A=142mm, B=130mm,

C=60 mm, D=9mm,

E=40mm, F = 20mm, G =

12mm

Ground clearance is E x

G

BZ

GNSS

Antenna booster is 

7 mm x 3 mm x 2 mm(h)

A=80mm, B=40mm.

Ground plane is A x B

Transceiver

(nRF9160)

Transceiver

(nRF5340) 

LTE
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Global IoT Platform with a Tunable Network
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746-803MHz

791-849MHz & 

1710-2200MHz

824-894MHz

880-960MHz

1575MHz

GPS

LTE

nRF9160

GPS

Matching 

networks

TRIO 

mXTEND™

chip antenna 

component

C
L
T

1

C
L
T

2

C
L
T

3

LNA (BGA524N6) 

Switch #2Switch #1

LTE bands B2, B3, B4, B8, B12, B13, B20 and B28 

(700-960 MHz + 1710-2200 MHz LTE band support) 

+ GPS: reconfigurable antenna system

See more Info at https://www.youtube.com/watch?v=rjPd0sFuAyU&t=975s

nRF9160 is compatible both for GPIO and RFFE

https://www.youtube.com/watch?v=rjPd0sFuAyU&t=975s
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Global IoT Platform with a Tunable Network
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(700-960 MHz + 1710-2200 MHz LTE band support) 

+ GPS: reconfigurable antenna system

See more Info at https://ignion.io/files/AN_NN03-310_Thingy91.pdf

https://ignion.io/files/AN_NN03-310_Thingy91.pdf
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Global IoT Platform with a Tunable Network
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Global IoT Platform with a Tunable Network
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Global IoT Platform with a Tunable Network
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Global IoT Platform with a Tunable Network
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+ GPS: reconfigurable antenna system

See more Info at https://www.youtube.com/watch?v=rjPd0sFuAyU&t=446s

https://www.youtube.com/watch?v=rjPd0sFuAyU&t=446s
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5. EDA Tools: from conception to mass production

• Libraries: Proof of concept phase

• Matching network synthesis: Design phase

• Encrypted Virtual Antenna™ products: Design phase

Libraries

Matching 

Network 

Synthesis

Encrypted 

Models

NN-S-1.0

Wireless Fast 

Track

NN-S-2.0 and 2.1

Software & 

Hardware 

Matching 

Network Service

NN-S-2.2

Impact of 

surrounding 

bodies

PROOF DESIGN QUALIFICATION

NN-S-3.0

Certification
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5.1 Virtual Antenna™ libraries available at Microwave 
Office by Cadence-AWR

• [S] parameters are available at Cadence AWR Software for several platforms and with different
antenna boosters. A quick-guide is also included with several examples

• Basic steps:

#1: Choose the suitable platform

and the frequency bands of

operation

#2: Select the antenna booster

that best suits your device

#3: Design the matching

network with Cadence AWR

Software
1. Define the frequency bands of

operation

2. Specify the target SWR/S11

3. Let the Network Synthesis work for

us, and…“Get your matching

network in the blink of an eye”
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A wide variety of PCB sizes

Ground plane Ground plane

Ground plane Ground 
plane

Ground plane

Ground plane Ground 
plane

Ground plane
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A wide variety of antenna boosters

Ground plane

50mm

50mm

50mm



37

S11-data from 0.6GHz to 10.6GHz ready to use

Ground plane

# GHZ S MA R 50

! Nport = 1

6.5000000000e-001  9.0419430558e-001 -3.5979721205e+001

6.6000000000e-001  8.9512095340e-001 -3.6966724097e+001

6.7000000000e-001  8.8547223888e-001 -3.7962244764e+001

6.8000000000e-001  8.7525648565e-001 -3.8964573114e+001

6.9000000000e-001  8.6448771221e-001 -3.9972120415e+001

7.0000000000e-001  8.5318506998e-001 -4.0983507730e+001

7.1000000000e-001  8.4137193667e-001 -4.1997657549e+001

7.2000000000e-001  8.2907467522e-001 -4.3013883899e+001

7.3000000000e-001  8.1632109280e-001 -4.4031975607e+001

7.4000000000e-001  8.0313865893e-001 -4.5052267088e+001

…..

You can download the library from https://ignion.io/product/trio-mxtend/

https://ignion.io/product/trio-mxtend/
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IoT design with Virtual Antenna™ Library

Ground plane

130 mm

145mm1. Select your device (PCB size):

145 mm x 130 mm PCB

2. Select the suitable antenna booster and 

position on the PCB:

12 mm x 3 mm x 2.4mm

3. Define the frequency bands of operation: 

LTE 698MHz-960MHz and 1710MHz-2690MHz

4. Specify the target SWR/S11:

S11<-6dB at both frequency regions

5. Let the Network Synthesis work for us, and…

Antenna booster: 

12 mm x 3 mm x 2.4 mm (h)
 /35 @ 698MHz
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A multi-band smart-meter device
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5.2 EDA for Matching Network Synthesis
Method Description Procedure

S
IM

U
L

A
T

IO
N

 P
H

A
S

E

Full layout

(simulation domain)
1) Full-wave simulation to obtain

the [S] matrix

2) Import the [S] matrix to a

network synthesis tool to obtain

the matching network.

3) Specify targets

4) Network synthesis

P
R

O
T

O
T

Y
P

IN
G

 P
H

A
S

E Single port

(measurement domain)
1) Measurement of S11 of the

antenna booster in the real

device without any matching

network

2) Import the [S] matrix to a

network synthesis tool to obtain

the matching network. Pads are

modelled by short transmission

lines

3) Specify targets
4) Network synthesis

ground plane

Antenna booster

Reference place for

[S] measurement

https://www.awr.com/resource-library/iot-antenna-matching-design-methodology

J. Anguera, A. Andújar, G. Mestre, J. Rahola, J.

Juntunen, “Design of Multiband Antenna Systems

for Wireless Devices Using Antenna Boosters”, IEEE

Microwave Magazine,, pp.102-114, Dec. 2019.

https://www.awr.com/resource-library/iot-antenna-matching-design-methodology
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5.3 Virtual Antenna™ products are available for CST 
STUDIO SUITE: Encrypted Models

Mobile

IoT

Chip Antenna

Boosters

Virtual Antenna™ products are

available for wireless engineers

for CST STUDIO SUITE thanks to

the encrypted tool
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IoT Devices with TRIO mXTEND™Antenna Booster

• Example: Cellular Tracking Open IoT Platform LTE + GPS

TRIO mXTEND™ antenna booster

Operating range: 0.698GHz - 8GHz

Best for: 0.698GHz – 8GHz

Dimensions: 30.0 mm x 3.0 mm x 1.0 mm

A dual-port antenna

Encrypted TRIO mXTEND™ antenna booster

Same physical properties as the real product
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TRIO mXTEND™ antenna booster: LTE and GNSS

User manual for TRIO mXTEND™ antenna booster for CST STUDIO SUITE available at: https://ignion.io/product/trio-mxtend/

https://ignion.io/product/trio-mxtend/
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5.4 Supporting services to accelerate your time-to-market

Visit https://ignion.io/design-center/ if you need further support at any stage on the design of your wireless device

NN Services: A predictable antenna integration journey

https://ignion.io/design-center/


Table of Contents
1. Why Virtual Antenna™

2. Virtual Antenna™ system architecture

3. Design your IoT device embedding Virtual

Antenna in 1,2,3

4. Virtual Antenna™ products with Nordic

Transceivers

5. EDA Tools to embed Virtual Antenna™ into

your platform

6. Virtual Antenna™ versus other technologies

7. Take away



46

Virtual Antenna™ vs FPC Antennas

Antenna Efficiency (%) 698 MHz 960 MHz Average 1710 MHz 2690 MHz Average

S
ti

c
k
e
r

Height = 2.4mm (bottom-right) 0.5 0.9 0.8 6.7 20.6 10.9

Height = 5mm (bottom-left) 3.8 6.1 5.7 22.5 28.6 21.3

Height = 10mm (bottom-left) 11.0 4.5 9.0 63.0 27.7 34.5

Height = 15mm (bottom-left) 3.8 11.0 11.7 59.4 61.7 47.5

Height = 20mm (bottom-left) 18.9 11.5 14.8 65.1 68.8 56.4

Virtual Antenna™ 9.6 56.0 52.0 61.9 67.9 65.7

60 mm

11 mm

131 mm

60 mm

height
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FPC antennas: Unpredictable Performance

Antenna Efficiency (%) 698 MHz 960 MHz Average 1710 MHz 2690 MHz Average

TOP 4.8 4.9 3.0 42.8 58.5 40.2

MIDDLE 4.5 2.0 5.0 28.7 68.1 33.5

BOTTOM 2.5 6.4 10.3 10.8 22.3 35.2 

BOTTOM

MIDDLE

TOP

h = 10 mm

95 x 42 mm PCB with height of 10 mm
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7. Take Away

• First steps when designing your IoT device are the most important to get the best out of your

device… consider Virtual Antenna™ first together with device size:

1. Select your PCB size

2. Select the antenna booster and its location

3. Design the matching network

4. Place the Nordic Semiconductor transceiver close to the matching network (<5mm)

• Virtual Antenna™: any band, any device thanks to a matching network

• Virtual Antenna™: 10 times smaller antenna chip, off-the-shelf and pick&place

• You can embed Virtual Antenna™ with EDA tools or following our supporting services

• Virtual Antenna™ and Nordic Semiconductor transceiver enables IoT multi-band and multi-

radio embedded solutions for NB-IoT, LTE-M, GPS, Bluetooth Low Energy, Thread, Zigbee for

any IoT device
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