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Today’s host

Dr. Jaume Anguera

© Fractus Antennas

Chief Scientist and Co-Founder at Fractus Antennas
Inventor of Virtual Antenna™ Technology, 2008

Author more than 130 granted patents and author of
more than 220 papers (IEEE, EE, ...)

20 years of experience in antenna design for the

wireless industry
Named to the European Inventor Award, 2014
Technology Pioneer, World Economic Forum, 2005

Associate Professor at Universitat Ramon LLull

(Antenna Engineering)
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Practicalities

= Duration: 45 mins Info Speakers Questions
= (Questions are encouraged! Ask a question

= Please type your question in the Questions tab on

the right sidebar

= All questions are anonymous
= We will answer questions towards the end

= All questions will be answered in a written Q&A

shared a few days after the webinar D e V Z 0 n e

= Please use DevZone if you have further questions
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Content

= Brief on Nordic Thingy:91
» Fractus Antennas present the TRIO mXTEND™ embedded

antenna and how you can adapt it for your cellular loT
designs

= Q&A

© Fractus Antennas
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What is Nordic Thingy:917

= An ‘out-of-the-box’ rapid prototyping kit

for cloT
= Supports LTE-M/NB-loT and GPS
= Ships with a eSIM
= Supports Bluetooth Low Energy
= |ots of other sensors etc.

= Comes with a sophisticated application

ready to go
= Dev tools and SDK

© Fractus Antennas
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Nordic Thingy:91 hardware

Low-power
accelerometer

PMIC

High-g accelerometer

Nano/4FF SIM

card slot RGB LEDs Battery connector
Power switch

Current measurement
Temperature, humidity, air

Program/debug device Button lit d qi
selection switch G Dl et e MOSFET transistors
LTE-M/NB-loT/ Light/color sensor
nRF9160 SiP GPS antenna USB connector
Buzzer Program/debug
nRF52840 WLCSP connector

2.4 GHz antenna

NFC antenna connector
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Radio Frequency Architecture in the Nordic Thingy:91
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- Virtual Antenna™

.‘,,._‘ ; A \ One antenna.
e Any band.
Any device.

r FRO1-S4~210

Faster, Cheaper, Easier.

FRACTUS ANTENNAS



About Virtual Antenna™

&y @ NB-IoT

One a!tenna eth... B¢ sigfox

: Any band m» M

& Any device a6 UEW
0 3G e b
GPS LgRa

5G i
R Bluetooth #2 Zigbee

FRACTUSANTENNAS

Use the same antenna in every device, regardless Use the same antenna for every frequency band, even for multiple
of the form factor. Change platform by just of them all together (multiband design). Change protocol and

changing the matching network. frequency by just changing the matching network.

11
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About Virtual Antenna™

. SV . N
Virtual Antenna™: the latest generation of - -
. 'K :
chip SN YAl
antenna components for sub 6 GHz cellular/loT
Off-the-sheif Up to 10 times
Ready to be smaller
deliverad ‘as A booster can
i’ with no need be 5'mm?
for customization. provding the same
connectivity,

A .

technology

Modular Multiband
Modules or standard A single antenna
bullding blocks can be provides

connectivity in 3G,

reusad in the design
4G and 5G bands.

af multiple devices.

© Fractus Antennas

Versatility

A phone can be
designed with several
architectures yet

still using the same
component

ES 9

Full performance

The same performance
in a much smaller,
off-the-shelf and
varsatile componant.

Scalabllity

The 'heart’ of the
design can be
reused scrass
multiple

device mocels

@@J

— —————

Pick & place

No manual assembly
1s needed, only
coenventional

SMT machine.

12
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NN Products — Virtual Antenna™ boosters
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Virtual Antenna™ in the Nordic Thingy:91

TRIO mXTEND™ chip antenna component: 30 mm x 3 mm x 1 mm (h)

’

Feeding Port #2 Feeding Port #1
For Thingy:91, port #1
supports LTE + GPS

: Space for filtering purposes

NORDIC =

| n umconoucvol:

: @ Thmgy91©QO
— g’ ‘;—.E

https://www.fractusantennas.com/files/AN FRO1-S4-210 Thingy91.pdf 4,4
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Antenna Architecture for Nordic Thingy:91 Platforms

LTE bands B2, B3, B4, B8, B12, B13, B20 and B28 (700-960 MHz + 1710-2200
MHz LTE band support) + GPS: reconfigurable antenna system

TRIO mXTEND™
chip antenna
component

\/\s

Matching
Quizoss I\f\, _networks QM12038
Switch #1 TN Switch #2
NRF9160
,. L e e e «;);.._.“;:.., PN 791-849MHz & PN
° 1710-2200MHz ®
L @
| GPIO Control | | GPIO Control |
.
AN ™m AN GPS AN ™M NN
EEh z0 EEB zo
ooo0o 0> D00 0>

|
QM14501
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Antenna Architecture for Nordic Thingy:91 Platforms

TRIO mXTEND™
chip antenna
component

Matching

QM12038 networks QM12038
,

nRF9160 VAV R AVAY

,._ : v..;q.-;.@;;;« AR Ay @ 791-849VIHz &

2 ° 1710-2200MHz

.

\\

l

824-894MHz
O C
880-960MHz
| GPIO Control | | GPIO Control |
O 1575MHz
FEE 28 EEE 28
ooo o0~> ooo 0>

|
QM14501
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Antenna Architecture for Nordic Thingy:91 Platforms

TRIO mXTEND™
chip antenna

component
Matching
QM12038 networks QM12038
NRF9160 s
AP 791-849MHz & |
< LTE v 1710-2200MHz A\ ,V\I
\ 3 o ® ®
9 @
| GPIO Control | | GPIO Control |
.
AN ™m AN GPS AN ™M AN
HEEhR zo HhEh zo
ooo 0> ooo 0>

|
QM14501
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Antenna Architecture for Nordic Thingy:91 Platforms

TRIO mXTEND™
chip antenna
component

Matching

QM12038 networks QM12038

nRF9160

;

R e e e SO @—— 791-849MHz& [=@ ,V\[
'y ° 1710-2200MHz ®
O
> 824-89amHz 3 <
V 'V vV V
L @

i

| GPIO Control | | GPIO Control |
o

GPS

AN M NN — N ™M QN
HEBE zo HhEBE z0o
ooo0o 0> D00 0>

|
QM14501
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Antenna Architecture for Nordic Thingy:91 Platforms

TRIO mXTEND™
chip antenna
component

Matching

QM12038 networks QM12038
NRF9160 746-803MHz

rizs AR A s @ 791-849MHz &
Sl L TE ,V\l ° 1710-2200MHz

824-894MHz

;

.

\/\s

l

A A
880-960MHz
| GPIO Control V

vV V GPIO Control |

1575MHz

GPS

CLT1
CLT2
CLT3
GND
VDD
CLT1
CLT2
CLT3
GND
VDD

|
QM14501
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Antenna Architecture for Nordic Thingy:91 Platforms

TRIO mXTEND™
chip antenna
component

Matching
QM12038 networks QM12038

698-748MHz

NRF9160 746-803MHz

r T T ——

;

791-849MHz &
1710-2200MHz

|
.

l

824-894MHz
O C
880-960MHz
| GPIO Control 10 Control |
O 1575MHz
EEEY: R
ooo o0~> ooo 0>

|
QM14501M’
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Antenna Architecture for Nordic Thingy:91 Platforms

TRIO mMXTEND™ chip antenna

COEX,
o oo ————— switch matching networks N
g P i e e e -
i R S S
o8 oE 2 7 s Lo I ‘T iz s 1 - B tm
i = R o = = s =
_— 33 a UlA L T . T > DA% ol b L ¢ e
5% 258 Ry o ['v] switch
33 i
aﬁﬁi $ rous
3 R
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:.P: NSROGPITSG f:s ok r:b':~—'
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J:: - e nRF9 160
= = — ]
sy
[ER- 4 AT
. .
gEnen=s édg ERHRAn A” SChematICS
> EEZEEZREE ‘gm EEEERR 0 .
T A T available at Nordic
VDD_sRPI il 1'171:'7 'ﬂlsi‘iﬂl;iz .
E : | Semiconductor web
ATF &l &
SI:D
G T N e Wour
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W o8 iR SAW filter at the autput
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Matching Networks

Frequency band

© Fractus Antennas

Matching Network

RF5 698-748MHz & 1710-2200MHz Z1(L6) 5.1nH LQWO03AWS5N1J00
72 (C10) 5.5pF GJM0332C1H5R5WB01
Part Number
RF7 746-803MHz 2 71 (L7) 4.7nH LQWO3AW4N7J00
i Z2 (R10) 0Q
-
RF8 791-849MHz 2, z1(C11) 9.2pF GJM0332C1E9R2WBO1
72 (L5) 6.2nH LQWO3AW6N2J00
o |
RF3 824-894MHz fi 71 (C12) 1.5pF GJMO0334C1E1R5WBO1
. .i
RF1 880-960MHz - 71 (C9) 2.5pF GJMO0335C1E2R5WB01
Z2 (L4) Open circuit
RF4 GPS (1575MHz) 2, 71 (L3) 2.9nH LQWO3AW2N9CO00
72 (C13) 3.9pF GJMO0333C1E3R9WB01
RF2&6 available for other bands empty .
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About the Switch
2mm
RF1 —~®
RF2 ® 2mm
RF3 © 15 Pin 2 x 2 x 0.57 mm Module Package
Rra * REC Features:
RFS T * Excellent insertion loss and isolation performance
RF6 @ * 0.5dBTypIL, Band 5
i ° * 40dB Typ Isolation, Band 5
) * Multi-Band operation 700MHz to 2700MHz
e 9 * GPIO compatible to 1.8V typ (1.3V min)
S0 Coonwut e Power handling +32dBm, 500
e Compact 2mm x 2mm, Module package
- * No DC blocking capacitors required (unless external DC is applied to
S 5 F) g g the RF ports)

23
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© Fractus Antennas

Considerations on the TRIO mXTEND™ chip antenna

TRIO mXTEND™ chip antenna component Z2
i 1] 2

Z1

i, (& A
veazeo 10N 011 AN
1.8.0

2819.28 IMEI:352656100438418

Wikl Component | Value Part Number
siQ O ¢

Z1(C15)  0.3pF GJM1555C1HR30WB01
(Qin=570)

Z2 (L8) 15nH LQW18AN15NG80
(Quin=78)

* This is a filter used to optimize antena performance
* In order to optimize efficiency, the inductor is SMD 0603

| BEHE

1 e and the capacitor SMD 0402
00

b(o)!(o) 1_ i lk‘ @ oo

© Tt g 97 @ﬁ%m ¢e.®

ON OFF ™° = ” () ES2 long as they keep the same quality factor (Q)

* Murata components are used. Other brands can be used as

= —ad
N

24
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Video Tutorials

STEP 1

Place the antenna
component

‘;;33

Video #1

Easy. In only 3 simple steps you can obtain high
antenna performance in the smallest space ever.

https://www.fractusantennas.com/tutorials/

STEP 2

Design your matching
network

e

W

Video #2

© Fractus Antennas

STEP 3

Test your device

26
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Design Guidelines (I)

On its starter configuration, Thingy:91 has been
< >0mm > optimized for a small platform following these general
guidelines:

* Minimum recommended PCB size: 50 mm x 50 mm

» Keep one continuous RF ground plane layer

e Place the TRIO mXTEND™ chip antenna component
close to a corner of the PCB

¢ Include a feeding line 1Imm width as close to the
corner as possible

ground plane layer

oo} e Leave a ground clearance (area free of any
TRIO mXTIEND™ ™ component or conductive traces) of at least 40 mm x
50mm chip antefla —p | 12 mm. This clearance area applies to all layers
component : e Include the nRF9160 front end module from Nordic
; Semiconductor close to the antenna matching network
al layout

e Include pads compatible with 0201 SMD components
for the matching networks as close as possible to the
feeding point

e Transmission lines conneting the switch with
matching networks and nRF9160 should have a
characteristic impedance of 50 Q

WQees

rable matching

27



Design Guidelines (Il)

feeding line

feeding line - \TE + GPS

LTE + GPS

feeding line

LTE +GPS feeding line

LTE + GPS




Design Guidelines (lIl): Do-not rules

Clearance Area

* Avoid small

50m

gr. d plane laye:

Antenna placement

* Avoid placing the

© Nordic Semiconductor © Fractus Antennas

50m .

groui olane
layer

Clea ciarp

.earance are.a_. .
clearance area TRIO mXTEND™ antenna in  the 10 FTEND
* Avoid traces on Eg'rg;;‘::;j Z middle of the ground hip antena
the clearance | plane g Ponent
area
Antenna feeding . S0m , Distance RF module and antenna __
Igr 1d plane | grouna ne layer
* Avoid the feeding e y * Avoid long distances nRFO160__
f Jingline sy o Cle ince area
at the center of pREOl6. . O - between the TRIO B .
the ground plane i - . MXTEND™ chip  somm| I <10 mXTEND™

. nantena
cc nonent 2

NRF9160 module PS .

LTE
reconfigurable

50mm 8 o T r4 antenna and the

econfigur .e matc g networkfs. -

TRIO.  TEND™ chil. tena

con.ponent R
Clearance area o9 |

29
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Design Guidelines (IV): 50 € transmission lines
D

— - -

Digital

Upper layer _
Control limes:
= . e dere e 500 not
eyt g needed
LNA+SAW =&
rY—— 50 Q Bottom layer
(@) .
Switch #1 Switch #2
50Q
. Note: upper and bottom
Sivitc ot noun here e

= Transmission lines connecting the antenna with switch #2, matching networks with the switches,

and switch #1 with the nRF9160 module, must present a 50 €2 characteristic impedance
30
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© Nordic Semiconductor

Design Guidelines (\/): 50 Q2 transmission lines

£ )
o DANE 2002 - OPW e
'\‘ v N L S » < C S
Ll L = > - P
~ o = = i ]
wrametery
o T o - e
= |}
— — - —_
»C Conitnyt S -~ =y
@ —
....... =
= Crarscmmtc S rom Owsractenans
froedance O - Phymiceiloogh (i) [49901 -
Frscueccy e - Wi B2 S
Elnchical gty 817327 g — —
Phase Constaet  TR35733 e ’ ~
Efecoe Dul Caasr S 028 Thickaass T < = =
S5/~ -

NI-AWR Software Txline
calculator: A free and
interactive calculator for the
analysis and synthesis of
transmission-line structures

31
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Design Guidelines (VI): About Inductors and Capacitors

= Do | need to know something else besides L or C value?

Yes, Q matters!!

Search (m ] Deracternte Grg?  Davrensd  Windew 1w

o Senes oo Basic S parame twr O Usage nate Multiple Graphs m

serns 0o CE Netitat

tan' 121 " %1 L vl G L] L L Q _I:m
oty

A Rk Pl (TR oY)
=l LT L W ™ 4 The largest the Q, the
Aol M el Detter

: L S [T S A M Low Q may result in
' i i . o s
/"/" T T . o wen e poor performance

z;u oo T 0o YRLLY o (%] Coran

T e — = = SMD 0201/0402/0603
] Ee— o e = s ' 0% 20

o e e e Tight tolerance (2%, 3%)
D - P .

< S - 3 :

B s * Vendors provide software applications to analyze the Q value across frequency

http://ds.murata.co.jp/software/simsurfing/en-us/index.html|

32
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© Nordic Semiconductor © Fractus Antennas

Design Guidelines (VII): Matching Networks

STATE Frequency band Matching Network

"B Component | Value |  PartNumber | Qmin |
RF5 698'7‘2‘%/'0%_?‘2 1710- 71 (L6) 5.1nH LQWO3AW5N1J00 40 at 698MHz
Z2 (C10) 5.5pF GJM0332C1H5R5WB01 76 at 2200MHz
Component Part Number
RF7 746-803MHz 71 (L7) 4.7nH LQWO03AW4N7J00 40 at 746MHz
| Z2 (R10) 0Q -
e PartNumber | |
RF8 791-849MHz . 71 (C11) 9.2pF GJM0332C1E9R2WB01 166 at 849MHz
! Z2 (L5) 6.2nH LQWO3AW6N2J00 40 at 791MHz |
e EREerliRE z, 71 (C12) 1.5pF GJMO0334C1E1R5WBO01 461 at 894MHz
|
ISR component | Value | PartNumber | |
RF1 880-960MHz 2, Z1(C9) 2.5pF GJMO0335C1E2R5WB01 402 at 960MHz
Z2 (L4) Open circuit -
““BRBRN component | Value | PartNumber | |
RF4 GPS (1575MHz) 71 (L3) 2.9nH LQWO03AW2N9C00 60 at 1575MHz
72 (C13) 3.9pF GJM0333C1E3R9WB01 206 at 1574MHz
RF2&6 available for other bands empty ‘ .
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Technical Features of Nordic Thingy:91

© Fractus Antennas

Technical 698 — 748 | 746-803 | 791-849 | 824-894 | 880-960 1575 MHz 1710-
features MHz MHz MHz MHz MHz 2220MHz
Average L v} 0 oL Qf 0
: ) ) % %
Efﬁcnency 10.0% 12.0% 14.8% 19.0% 20.2% 20.6% 49.9%
VSWR < 3:1
Radiation Pattern Omnidirectional
_ Polarization Linear
Weight (approx.) 025¢.
Temperature -40to + 120 °C
Impedance | 50 Q
70
T TR R TTRET TR antenna
. 60 Pavs i PIoad : ___________ ‘, bOOSter :Prad
g 50 Z N\pt N\pp 17— 1 N\
9 ' : ' |
S 40 V, [ R [ /
R - : : ;
(=R O tMatching network ! //
i I I
o S L 7
c 20
< . I:)rad 2
10 7 Total efficiency: P =1, =1, 1_|511|
0 ] - i avs
O M WO AT NO MWW OO A TNIOANWMOOOEAMWOOIONLWOKWOMUWOONSNOMWOEO AN O MWOo A < N~
OmMm WO M OUOOMmUWOUON OVONLONLLOAN LN KON WO WwOo LW o o <F 00 o <F 00 o SN <IN
MMM 0o dddaanNaNmmmM<S S NN owONMNMNOQORORO OO QO o
O OO0 0O 000000 d ™ ™ 4 e+ e+ v+ o o o o o oo AN AN NN NN

Frequency(GHz) 34



This

corresponds  to
the LTE port of

the
module

Designing your Matching Network

© Fractus Antennas

TLINP TLINP SUBCKT TLINP
orege 17T T T T 1 S D=TL1  ID=spg  — " T T T TTTTTTT b I3 SUBCKT
>2 Z0=50 Ohm 20=50 Ohm NET#'QM12038_P1_RFC_P5_RF4_3GHz EEMBEDg@:so Ohm 1D=
NET=! QM12038 P1_RFC_P5_RF4_3GHz DEEMIBEDED =55 mm 20-50C X | B0 on NET="NN_TRIO_B50x50_C50x12"
PORT | . Eeff=4.15 CAP Eeff=4.15 1 . Eeff=4.3
P=1 1 8 7 L0SS=2 |Q=Cl- — = — = — = = — | [ 0ss=2 1 4 3 Loss=2 5
1 = H. 1
Z=50 Ohm | . 0=0.9 G Zcre 05168723616266 pF ¥F0=0.9 GHz 1 . F0=0.9 GHz
1 1
1
TRIO
| Qorvo . | Qorvo !
port . | ! MXTEND™
. 2| QM12038 : | ,x6— QM12038 | 4
1
! 1 1 IFD 1
1 1 = 1
3 4 1 7 8 3
nRF9160 >L J< . 1 1=4.40064029350197 nH J< >L J<
\ X . i \ SUBCKT
. 1
:_ ______________ 1 :I\/Iatchmg network 1 :_ ______________ NET="GIM1555C1HR30WBOL"
! 2o
L oo 2 T —— SUBCKT
ID=S6

ID=TL3
z_DEEMBEDEG¥50 Ohm

Sul

ID=S5
NET="GJM1555C1HR30WB01"

—— SUBCKT
~ ID=S6
NET="LQW18AN15NG80"

TLINP
SUBCKT
ID=S2

NET="NN_TRIO§B50x50_C50x12"

L=4.5 mm

(dB)

Eeff=4.3
Loss=2 5

F0=0.9 GHz

TRIO
NXTEND
,2

BCKT

NET="LQW18AN15NG80"

- DB(IS(1,1)))
Matching Network
07 08 090 1 19 12 13 14 15 18 17 18 19 2 21 22

Frequency (GH2)



Designing your Matching Network (Il)

SUBCKT —mm e m e mm e e m e my TLINP TLINP SUBCKT, TLINP

1 1

XTEND™
- N QM12038 | 1 > M s
y‘ IND !

o s ID=TL1  D=Skg  ~ T T T T T T T TT TN ID=TL3 rall
> = m Z0=50 Ohm NETt "QM12038_P1_RFC_P5_RF4_3GHz_DEEMBEDE®:50 Ohm =
NET="QM12038_P1_RFC_PS_RF4_3GHz DEEMIBEDED Deanm® zos0c |P o on NET="NN_TRIO_BS0X50_C50x12"
PORT | | Eeff=4.15 FAP Eeff=4.15 | | Eeff=4.3
P=1 1 8 7 | Loss=2 = Loss=2 1 4 3 | Loss=2 5
7=50 Ohm | | F0=0.9 GHZb =6.05168723616266 pF Fo 0.9 GHz 1 | F0=0.9 GHz
1 I
1 6 | 5 2 1
Datsl ! | | el o RO
Qorvo | Qorvo !

2 QM12038 5

ID=S5
NET="GJM1555C1HR30WB01"

' | |
\— Ip=L2 ! 7 8 : 1 | 3
(" u=a. 40054029359197 nH |
( SUBCKT
AN | I
1

Matching networ

L —— SUBCKT
~ ID=S6
NET="LQW18AN15NGo:==

Device 80 m

x50 mm
Device 50 mm x50 mm _ Device 80 mm x 80 mm

*  For devices housed in plastic/ruber cases, the value of L/C component of the matching networks may
be need to be readjusted to compensate the frequency shift of the case

* Alibrary of S-parameters are available at FRACTUS ANTENNAS for other platform sizes
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© Nordic Semiconductor

NN Wireless Fast Track

Your Antenna Design,
Free of Charge,
In 24h

1. Fill out the form
2. Reply to email
3. Get free design in 24h

] e [

© Fractus Antennas

24H

NN-Fast-Track

Off-the-shelf and tiny Virtual Antenna™ component specially selected for your
application by the NN Engineering Team.

https://www.fractusantennas.com/fast-track-project/
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Conclusions

= Virtual Antenna™ Technology: off-the-shelf antenna product, small, multi-band, and pick&place
(SMD component)

= Thingy:91 by Nordic Semiconductor is a multi-sensor prototyping kit ideal for kick starting
cellular 10T projects

» Thingy:91 with the TRIO mXTEND™ embedded antenna will help cellular loT designers to
develop new applications fast and easy

APPLICATIONS:

e Logistics and asset
e Tracking

* Smart city

e Smart agriculture

 NORDIC HERI Y Ieeetin "5 * Predictive maintenance & industrial

» " . v—
"o o oeliimp*
; 2

e Wearables & medical
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