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THE UNMET NEED

“The big obstacle: Satellite and ground-segment costs
To unlock the consumer market—the one with the most potential — the cost of Electronically Steered

Antennas (ESAs) antennas must drop by an order of magnitude or more. While some companies
have recently claimed breakthrough reductions in manufacturing costs, none has yet brought a low-cost

design to market, nor have any produced ESAs at scale.”

McKinsey
& Company

Source: Large LEO satellite constellations: Will it be different this time? (May 2020)




“We provide anytime anywhere

connectivity via satellite and 5G by
combining Liquid Crystal Technology
with Phased Array Technology”

ALCAN
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1. Company Overview

2. Liquid Crystal Based Phased Array Antenna Technology
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ALCAN Systems

Startup: Focus on development and marketing
of smart flat panel antennas

Spin-off: From Technical University of Darmstadt
in 2016

Award-winning: 5 prizes

Number of Employees: 35
Locations: Darmstadt (HQ) and Istanbul
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Technology: Phased Array and
Liquid Crystal (LC)
Production: LCD Technology

Key Benefits

Low Cost: Standardized Mass Production

Low Power Consumption: Passive Solution



ALCAN Systems

Enterprise

Satellite Ground Consumer

T inal
Srminass Land Mobile

5G mmWave Repeater
User Equipment

Land Mobile




of the technology

and demonstrated key features with strategic partners

Key milestones of the past

Demonstration of 2D scan
Rx performance proven

SATCOM

Q12020

mmWave 5G Repeater DEMO
First 5G Demo
Dual beam (Receive and Transmit)
in one aperture

5GMM WAVE

Two-way Communication DEMO

Electronic Beam Steering LEO Tracking DEMO

Tracking accuracy
First tracking at Ka-band

Qll Qlll

mmWave 5G CPE DEMO

Wide electronic beam steering

Low power consumption
demonstrated

Transmit and receive at Ka-band

High beam pointing while continuous steering
Antenna’s co- and cross polarization patterns are
approved by the operator;

Very low power consumption

Q 1V 2020

Connected Car DEMO with OEM
The first to build a car demo with
ALCAN's antenna
The antenna is seamlessly integrated
into the car sunroof
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All in one Antenna Panel:

* Antenna Feed Network
e LC Phased Shifters
 Radiating Elements

Main Advantages

* Transparency

* Low power consumption
« Low production cost

Transparent Phased Array Antenna Panel

The Transparent Antenna is a Liquid crystal based Passive phased array, Two-
dimensional beam steerable, and Dual linear polarized
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World’s First @Can
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To achieve full coverage, both satellite and 5G
connectivity are needed

5G mobile connectivity (i.e. 5G mmWave) will
enable connectivity in urban areas

Future 5G requires denser network to cover
whole nation

10x more base stations required

SatCom will complement outside cities

ALCAN is in a unique position to provide
fully integrated Hybrid Solution by
leveraging its mature technology and know-
how of both industries

systems

Connected Car with Hybrid Solution alcan
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CONNECTED CAR

Satellite-to-vehicle
connectivity

"N 7 »
ALCAN 5G Satcom Hybrid
Transparent Antenna






is the combination of phased array and liquid crystal
technologies

PHASED ARRAY TECHNOLOGY LIQUID CRYSTAL TECHNOLOGY

The most mature flat panel antenna Liquid crystals (LCs) has properties
approach is phased array and used between those of conventional
since 1940s liquids and those of solid crystals.

The technology is proven but Today, LC finds a wide use in

N -"{,:;:
N y
-

expensive liquid crystal displays LCD within

Image courtesy of DARPA -

Today’s applications are in radar electronic products

systems Standardized mass product

COMBINATION OF THESE TWO IS ALCAN’'S INNOVATION

i

ALCAN's phased array antenna technology can scale to meet product | B W_

specifications for consumer markets by combining technologies from two legacy

industries.




W Radiating Elements

LC Phase Shifters

- Feeding Network

Phased Array Antenna

Time (T) /

S

received

I Amount of the time delays

Asynchrony received signals are
synchronized by the electrically-
controlled phase shifters.
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phase shifters

Liquid Crystal technology is suitable for any
antenna application above 10 GHz, hence Ku-, —

_ . LC Based Tunable Transmission Line
Ka-, Q-, V-band satellite antennas, 5G terrestrial

antennas are all within the scope of ALCAN

Liquid Crystal is a tunable dielectric material

which has lower losses with increasing

frequency

It is the only known material with this property

Having low loss at mm-wave frequencies, being
continuously tunable and not consuming any

power for tuning makes LC a strong contender

over silicon for phase shifting.
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of LC based antennas @Can

A

Radiating Elements

LC Phase
Shifter Stack

Feed Network
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Cover « Cover: Protects antenna from elements

« Radiating elements: Radiates fixed/agile circular/linear polarized signal

LC Panel « LC panels: Delay the signal propagation by LC based phase shifters

Feed network: Combines signals from each phase shifters into a

Feed Network powerful antenna output signal

« Antenna control unit: Controls the beam steering by the help of direction
finding sensors

Antenna Control Unit

Note: Layer thicknesses are not scaled
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Fully Validated alcan

The World's first Transparent mmWave beam steerable antenna
was successfully tested in:

Anechoic chamber

=
Test & Measurement partner (ROHDE & SCHWARZ) facility =
using 5G NR 3GPP test signal
All measured data matched expectations/simulations = = ) |

7i ranspérenf Phased Array Antenna Installed on a double
glaze low-E glass setup



Normalized Magnitude (dB)

Anechoic Chamber measurements
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Note: Example beams are presented.
Antenna can scan continuously with

<1° scan steps.
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Anechoic Chamber measurements @
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5G Measurement Setup at R&S @Can

| O @reace 0 100 6"‘%

b | > -
R&S®FSW Signal and Spectrum Analyzer R&S®SMW200A Vector Signal Generator

5G NR Measurements were done at R&S Labs in Munich




Ref Level -37.00 dBm
Att 3de
TRG:EXT2 PA YIG Bypass

1 Channel Flatness
RS Weights @ all

0Hz
4 Alloc ID vs Symbol X Carrier

Freq 28.0 GHz

Antenna without Window

Reference Horn Antenna

x
Mode

Frame Count

38.02 MHz/

Mot Used

X X

Downlink, 400 MHz
1of1(1)

Capture Time 10.0 ms
Frame 1

o1 AP 1000e2 AP 2000 2 Result Summary

Frame Results Averaged

EWM PDSCH QPSK (%)

EVM PDSCH 16QAM (%)
EVM PDSCH 640AM (%)
EVM PDSCH 2560QAM (%)
Results for Selection BWP/5SS All, Subframe All,

EWM All (%)

EVM Phys Channel (%)
EVM Phys Signal (%)
Frequency Error (Hz)
Sampling Error {ppm)
1/Q Offset (dB)

1/Q Gain Imbalance {dB)
1/Q Quadrature Error (@)
OSTP (dBm)

Power (dBm)

Crest Factor [dB)

380.16 MHz
3 EVM vs Carrier

e

o] Avge 2 Mine 3 Max

38.02 MHz/

380.16 MHz

X

BWP/SS All

Limit
18.50
13.50

S.00
4.50

Mean

1.96

1.96
1.96
1.95
-747.83 1412,
-0.03
-77.44

5G Measurement Result

1.96

Slot All
1.99
1.99
2.01
-746.21
-0.02
-65.98

5 Constellation Diagram

Points Measured @ 2634944

LK B BN BN B B BE )
LR S AR A B A
LI B Y BN BE BE BN -
[ 2R BE BB BE BN Bk B )

L B B BN B BE N
LR B R R SR BN BN ]

23.02.2022
15:13:14

==
Ref Level -40.50 dBm
Att 0dB
TRG EXTZ2 PA YIG Bypass

1 Channel Flatness
RS weights : All

0 Hz
4 Alloc ID vs Symbol X Carrier

Freq 28.0 GHz

X
Mode

Frame Count

38.02 MHz/

Mot Used

3 E¥M vs Carrier

Transparent Antenna

X * X

Downlink, 400 MHz
1of 1(1)

Capture Time 10.0 ms
Frame 1

o1 AP 10006e 2 AP 2000 2 Result Summary

Frame Results Averaged

Ewivl PDSCH QPSK (%)

EviV PDSCH 1604AM (%)
EWiVl PDSCH 6404AM (%)
EvlV PDSCH 256Q4M (%)

x

BWP/SS All

Mean

2.67
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Limit

18.50
13.50
S.00
4.50

2.67

Results for Selection BWP/SS All, Subframe All, Slot all

Evi All (%)

EWM Phys Channel (%)
EWM Phys Signal (%)
Frequency Error {Hz)
Sampling Error (ppm)
I/Q Offset (dB)

1/Q Gain Imbalance (dB)
1/Q Quadrature Error (°)

OSTP (dBm)
Power (dBm)
Crest Factor (dB)

380.16 MHz

o] dvge 2 Mine3 Max

38.02 MHz/

380.16 MHz

2.66
2.66
2.65
-750.21
-0.03
-63.57

-41.61
-41.94
12.62

2.70
271
2.73
-748.75
-0.01
-52.23

3 Constellation Diagram
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Measuring...
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5G Measurement Result
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Antenna behind Low-E Window

Reference Horn Antenna (without window)

a= #* X
Freq 28.0 GHz Mode

Ref Level -45.00 dBm
Att 0 dB

#* X x X

Dowrlink, 400 MHz BWPR/SS All

1of 1(1)

Capture Time 10.0 ms

Frame Count Frame 1

TRG:EXT2 PA TOF "Alcan SA Cable SN138728" YIG Bypass

1 Channel Flatness
R gights Al

0 Hz 38.02 MHz/
4 Alloc ID vs Symbol X Carrier

=1 AP 1000 =2 AP 2000 2 CCDF

o1 Clrw 3 Result Summary
Frame Results Averaged Mean Limit
EVIM POSGH QPSK (%) 18.50
EvM PDSCH 160Q4M (%) 13.50
EWM PDSCH 640Q4M (%) 3.20 9.00
EvIM PDSCH 25604M (%) 4.50
Results for Selection BWP/S5 All, Subframe All,
EVM All (%) 3.20
EVM Phys Channel (%) 3.20
EvM Phys Signal (%) 3.19
Frequency Error (Hz) -731.84 £14..,
Sampling Error (ppm) -0.02
/0 Offset (dB) 64,72
1/ Gain Imbalance (dB) -
1/Q Quadrature Error (°) -
OSTP (dBm)
Power (dBm)
Crest Factor (dB)
-18 dB 12 dB
Mean Peak Crest a
-41.60 dBm -30.21 dBm 11.39dB
5 EVM vs Carrier o1 AvgeZ Mine3 Max 6 Constellation Diagram
Points Measured | 2634944
SeEREIEEN
sgpesseps
L] Q LA L N R 3 J

380.16 MHz

Mot Used

38.02 MHz/ 380.16 MHz

17.03.2022

=  Measuring... 11:18:50

Transparent Antenna behind window

a= #* X #* X x x

Ref Level -48.00 dBm
Att 0 dB

Freq 28.0 GHz Mode

Downlink, 400 MHz
1of1(1)

Capture Time 10.0 ms BWP/SS All

Frame Count Frame 1

TRG:EXT2 PA TDF "Alcan SA Cable SN138728" YIG Bypass

1 Channel Flatness
RS wig|ghts : All

0 Hz 38.02 MHz/
4 Alloc ID vs Symbol X Carrier

®1 AP 10002 AP 2000 2 CCDF

el Clrw 3 Result Summary
Frame Results Averaged Mean Limit
EVIM PDSCH GPSK (%) 18.50
EWVIM PDSCH 16QAM (%) 13.50
EVM PDSCH 6404M (%) 5.53 9.00
EvIM PDSCH 2560AM (%) 4.50
Results for Selection BWP/SS All, Subframe All,
EVIM Al (%) 5.52
EVM Phys Channel (%) 5.52
EvIM Phys Signal (%) 5.49
Frequency Error (Hz) -748.33
Sampling Error {ppm) -0.03
1/Q Offset (dB) -60.57
1/Q Gain Imbalance (dB) -
1/Q Quadrature Error (°) -
OSTP (dBm)
Power (dBm)
Crest Factor (dB)

-18 dB 12 dB

Mean Peak Crest 4
-44.90 dBm -33.81 dBm 11.09 dB
5 EVM vs Carrier el Avyge? Mine3 Max 6 Constellation Diagram
Foints Measured @ 2634344

380,16 MHz

Mot Used

38.02 MHz/ 380.16 MHz

17.03.2022

Measuring... 12:15:37
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Thank you for listening!

Dr. Mohammad Reza DEHGHANI KODNOEIH
Assistant Project Manager - RF Engineer

Reza.dehghani@alcansystems.com

ALCAN Systems GmbH
Grafenhauser Str. 85
64293 Darmstadt
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