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Problem formulation

@ Currently, high throughput satellite (HTS) systems are being actively
created. The systems are based on LEO-, MEO-, and HEO-HTS and will
provide satellite Internet to multiple subscribers as well as other services.

@ In such systems it is supposed to use antennas of the user terminals
with directional scanning beams of gain of 30-40 dBi

@ The electrical scanning sector of antennas is a cone with a 20° - 150° apex
angle to target the beam to satellites moving relative to fixed or mobile
subscriber terminals

@ The cost of the scanning antenna of the subscriber terminal should not
exceed several hundred US dollars to achieve the economic efficiency of
the communication system

@ In many publications, advertising materials and patents the creation of
such antennas seems to be the prospect of the near future.

@] We will try to review the available material and discuss how real
those promises are.




Requirements for antenna terminals with electrical
scanning for LEO-HTS, MEO-HTS, HEO-HTS

» Beam steering angle is wide enough to communicate with
satellites

Y201 ckaHUposaHus, 00CMamoYHsbIl 07189 C8A3U CO CIYMHUKAMU

» Directivity is sufficient for link budget

YcuneHue, docmamouHoe 014 8bINoAHeHUA b6rooxema paduoauHuU
» Cost is low

Hu3kasa ueHa

» Low profiled structure

Hukut npogunes

» High reliability and ease of use

Boicokaa HadexcHocmes u yoobcmeo sKcnayamayuu

» Two ore more independent scanning beams are desirable

XenamenvHo 08a unu b6osee He3a8UCUMbIX CKAHUPYOWUX /1y4ad




Relation between a number of satellites in the LEO-HTS
constellation and scan angle of the antenna terminal +/- 6,
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If the satellite constellation has tens of thousands of spacecraft, it is not necessary to scan!

Ecnu 8 cnymHukogoli 2pynnuposKe 0ecamKu mbICA4Y KOCMUYECKUX annapamos, mo CKaHUposams He Haoo!
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Cost of phased array antenna depending on the number of
controlled channels:

i Minimum number of controlled channels N_.
CA " CO + CK ¢ N . . s min
depends on required directivity and scan

C, cost of the antenna construction angle of the array, and is defined by the
andiegipeiREE following relations: @)

Vendik, 1960 : N . =~
" AG, A6,

CK cost of a controllable array
channel (passive, active , digital)

Kontorovich&Petrun’kin, 1961

N number of controlled channels

Q- Dmed

1
N =EQD(6’,¢)dQ -

D((9, (p) antenna directivity as function of scan angle

D

med medium directivity in the scan area

Q arbitrary solid scan angle, steradiand,

Example:
conical scan area: 2= 277(1_(305 ‘9(:)




Array Element Minimum Number as Function of equired Scan
Angle for ESA with 30-40 dBi directivity
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One channel of ESA should cost several US$,
then total antenna price will be below several thousands US$

OOuH ynpasaaemMblli KaHAA 00X EH CMOUMb HECKO/bKO 00/11ap08, mo20a obwas yeHa
CKaHupyrowel aHmeHHbl bydem Huxce HeCKO/bKUX MbIcaY 00/17ap08



Minimum Number of Controlled Elements
of ESA as Function of Required Directivity
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Technologies of phased array antennas of the 20-th century are not
acceptable for making cheap ESAs

X In created passive phased arrays, channels with ferrite or p-i-n-diode phase
shifters cost hundreds of US dollars in the centimeter wavelength range and
tens of US dollars in the MM wavelength range (Addendum A).

4

In created active phased arrays, channels cost thousands of US dollars per a
channel (Addendum B)

It is impossible to create cheap scanning antennas using “classic” technologies
of ESA

Pz

In 1980-1992 in the USSR, scanning antennas based on other physical
phenomena were under development (Addendum C). Main goals were
decreasing price and making systems in MMW frequency bands.

Pz

Pz

Billions of rubles spent! After the USSR these projects were stopped.

In western companies the works on creating cheap flat scanning antennas were
performed continuously.

Pz
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Since the beginning of the 21 century, various flat scanning antennas for satellite
communications subscriber’s terminals were created.




Recently desighed scanning antennas
for user terminals of

wideband satellite communications



Antenna “Thinsat 300” with Mechanical Scanning
ThinKom Solutions, USA, 2010
Ku- Ka- and V-band

Radiating element is General Information

a .Im.ear array  of Total Weight: 93 Ibs. (42 Kg, Including BUC/SSPA)
<«— | radiating stubs (+) a Size: 59" x 39" x 4.3

sheet with twisted (150 cm x 100 cm x 11 cm)

slots _—Polarization: Dual Tracking Linear
Transmit Band: (13.75) 14.0-14.5 GHz
Receive Band: (10.95-11.70) 11.70-12.75 GHz
G/T (mid-band): 10-173 dB/K (8 dB/K at 20° Elev)
EIRP: 47-50 dBW (45 dBW at 20° Elev, 25 W BUC)
Interoperability: Equiv. to 88 cm x 36 cm Parabolic

Receive Antenna

Antenna Control Unit y - Transmit Antenna

- Transmit and
_receive antennas

are separate units

The “Thinsat 300" is positioned at the
market as a low-cost terminal
~ USS 100 000
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Ku-band active array antenna with DBF

hasor, UK-USA
AT L SiGe ASIC

Standard package
Auto assembly — no clean-room

*Characterised dielectric

*Geometry modelled in FDTD
as part of the antenna design

APAA panel assembly

. antennae
connections

DBF concept

Signals are combined at the baseband

RF and Digital control circuits are implemented
as application-specific IC (ASIC) in one SiGe
Cost is declared to be significantly lowered
$41 million invested

Engineering model

Prototype of Ku-band SOTM
antenna for tracking Kepler
satellite

Price: US$ ??7???? w»



SatixFy UK Silicon Based Electronically Steered Multi-Beam Active
Array (ESMA) with DBF

Ku/Ka-bands

The SatixFy Group designs next-generation SatixFy designs its own silicon chips
satellite communication systems based on on very advanced silicon processes.
in-house developed chipsets. Radiators |

ESMA Supports GEO and LEO Terminals, RFIC
Payload Applications, Simultaneous Internet
and Satellite TV for Planes, Mobile loT
Terminals and Self Installed Fixed Antennas

DBF

[9)

The scalable architecture supports any
antenna size up to 1 million elements

(in Ku-band 10m by 10m)

Fully digital beam forming

An instantaneous bandwidth of over 1 GHz
Aperture efficiency is better than 70%

Invested USS$ 20M already trough ESA Estimated cost ??? .



metamaterials-based”) Passive Antenna

a

Kymeta (

Planar array of slotted waveguides.
For beam scanning, resonant slots are

controlled by liquid crystals

2017)

$ 220 Millions invested (2012
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Table 1: Definition of parameters used in the analysis.

Value

Symbol

Parameter

)

Input power (W

32.89

Gain (dBi)

3,848

Antenna area (cm?)

70

Antenna diameter (cm)

14.5

(GHz)

Wavelength (cm)

Frequency

207

0.172

1
n

Total antenna efficiency

0.151

Directivity reduction factor @ 15° elevation

N3 nnueHsnm FCC SES-LIC-20170223-00195 Ha KyWayl
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Liquid Crystal Flat Passive Antenna

Ku- and Ka-bands

Alcan Systems, Germany Adaptive Liquid Crystal Antenna

Alcan Systems is preparing to mass-
produce a flat panel antenna using
liquid-crystal display manufacturing
lines with Sharp.

Investors collectively put S9 million into
Alcan System last year

The antenna will cost below S 1000 like
a TV receiver

@ Switching time — 5 milliseconds

@ The ratio of phase shift to insertion
loss ~ 50-100°/dB

16




Isotropic satellite terminal

A new class of satellite terminal:
PR only using optics to break the mold (!) of
antenna technology.

B

Ku - and Ka-band at 70-95% lower cost
than phased array and panel technology
Ku optical beamformer performance
out to +/- 70 deg

Multibeam antenna (at least 2 beams)
Integrated with modem

Limitless bandwidth

Scalability (modular optical elements)
Cost USS 300 — 700 per unit is promised

Antenna efficiency ?

17




Creators about their antennas:

reality and promises




Satellite Innovation Conference
in Mountain View, California, 2018, October 9
= SFONSop

Mpuset
YY4aCTHUKaM
En&T-2018

/]
@

Over a dozen companies, each with a technology breakthrough of
their own, are trying to change that narrative by building flat panel
antennas cheaply enough.
Opinion of satellite antenna companies divided in question near-term feasibility of
cheap antenna panels. MHeHUs aHmMeHHbIX CYMHUKOB8bIX KOMIAHUU pa30eausaucs rno
80I1POCY O KPAMKOCPOYHOU B03MOHHOCMU CO30aHUA Oewesbix aHMeHHbIX naHesed.




Pessimistic estimation (5 speakers) ”~

Dave Helfgott CEO of Phasor: «I've heard some crazy things like S50 and $100
for a dual-beam, solar-powered, auto-acquired phased array. I don’t think the cost
of materials at any volume gets you that price»

«fA cablwan Hekomopesle cymacweowue eewju, makue Kak S 50 u S 100 3a
osyxsay4yesyto (ha3upoBaHHYO pewemky C conHeyHol bamapeel. A He Oymaro,
Ymo cmoumMocmb mamepuanos 8 nbom obveme obolidemcs s8am amy YeHy »

Dave Helfgott, CEO of Phasor: «Our flat panel antennas are for
aviation, maritime and rail transportation. In future, different flat panel
antennas will succeed in parts of the market»

«Hawu naockue aHmeHHs! npedHAa3Ha4eHbl 049 A8UAYUOHHO20, MOPCKO20 U
Hene3Ho0oporHo20 mpaHcrnopma. B 6ydywem pasnu4yHeie a0cKue
aHMeHHbI 6yOym ycrniewHbIMU 8 HEKOMOPbIX YACMAX PbIHKA »

Drew Klein, director at C-Com Satellite Systems: «The average price of a new car in the
U.S. is 35,000. Luxury cars cost $96,000 on average. A $20,000 to $40,000 antenna would be
an expensive add-on. Current antenna cost is high. We are going to reduce the it»

«CpeodHsaa yeHa Hosozo aemomobunsa 8 CLLIA cocmasnaem 35 000. PockowHblie asmomobusu
cmoam 8 cpedHem 96 000 donnapos. AHmeHHa om 20 000 0o 40 000 donnapos byoem
dopozocmoAawumM 0ononHeHUem. TeKyuwaa cmoumocms aHmMeHHbl 8bICOKa. Mbel cobupaemcs
ee ymeHbWumso »

20
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Pessimistic estimation (5 speakers)

Ashok Rao, SES vice president: «l don’t care what technology is out there, it is

not going to beat a 74-centimeter VSAT for the next 20 years. There is nothing that
can beat a $25-30 piece of metal»

«MHe 6e3pa3nuyHoO Kakas mam mexHos102uUs , OHa He nepebbem 74-cM aHMEHHY

VSAT 8 meuveHue cnedyrouwux 20 nem. Huumo He moxcem nobedums memann
cmoumocmesto 25-30 donnapos »

Nir Sharvit, Gilat’s director: «Our company has developed a new chipset

for a flat, electronically steered antenna, but we are still figuring out how to
move ourselves in order to be relevant to the consumer market».

«Hawa KomnaHusa pa3pabomana Hoewil yuricem 04 MA0CKOU aHMeHHbI €
3/1EKMPOHHbLIM YrpassaeHUem, HO Mbl 8CE eW,e BbIACHAEM, KAK 08U2amMbCA
danbwe, Yymobbl UMeMb OMHOWeEHUE K nompebumesnbCKOMY PbIHKY»

Andre Jones, Communications & Power Industries (CPIl) vice president: «I think we are a
long away from seeing a consumer flat antenna in the couple-of-hundred-dollars price CPI is not

involved in flat panel antennas but is still using dish antennas to track low- and medium-Earth-orbit
satellite systems. “| don’t see the parabolic dishes going away anytime soon»

«A dymaro, Ymo mbl 00s20e spemMsa He yeuoum Ha nompebumesibCKOM PbiHKe /10CKOU GHMeHHbI Mo
yeHe 8 napy comeH donnapos. CPl He npedycmampusaem aHMEHH C MNAOCKUMU MAHensaMU, HO 8ce
ewe Ucrosnb3lyem 3epKasbHble cedauue aHmMeHHbl 0718 ClyMHUKOB8bIX cucmem € HU3KoU u cpedHell
opbumol , «A He suxy, Umobbl napaboauvyeckue aHMeHHsl yuiau 8 0603pumoe 8pems»
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Optimistic estimation (3 speakers)

Esat Sibay, Alcan’s chief financial officer:
«We think it’s possible for us to reach below $1,000 per one antenna
panel» The antenna for O3b has slipped from a 2018 release to 2020.

«Mbi cyumaem, Ymo moel Mmoxcem docmuys meHee 1000 donnapos 3a
00HYy GHMeHHYyr naHenb». [locmaska aHmeHH 0149 O3b nepeHeceHa ¢ 2018 do 2020 2o0a

John Finney, Isotropic CEO:
«Company is making progress on an antenna designed to fit within a
$300 to S700 price range stipulated by OneWeb. No timeframe».

«KomnaHusa npodsuzaemcs enepeod o aHMeHHe, paccyumaHHol Ha 0uanas3oH ueH
om 300 0o 700 donnapos, ocosopeHHol ¢ OneWeb. Hem sapemeHHbIX pAMOK »

Nathan Kundtz, Kymeta CEO:
«Our antennas are priced from $25,000 to $39,000 today. Customers are mega-yacht
owners and government. Our company plans to drive those prices down to below

$1,000. (Kundtz didn’t give a timeframe for that)».

«Hawu aHmeHHbl ce200HA cmosm om 25 000 do 39 000 Oonnapos. KnueHmesl - 871a0enbybl
Me2aAaxXm u npasumenbcmeo. Hawa KomnaHusa naaHupyem cHU3ume yeHol Huxce 1000 0onnapos
CLLIA. (KyHOy He 0an 0718 3mo2o spemeHHOoU rnepuod) »

IOW: Give us more money, and we shall make it cheap!

22



Conclusion

BbiBOoAbI

Recently, many companies have developed flat
electronically scanned antennas for wideband
satellite communications. These antennas cost
dozens and hundreds of thousands of US dollars

Several companies promise decreasing price
down to $1000 in the near future.

Cheap flat antenna panels with electrical beam
steering for user’s terminals LEO/MEO-HTS are
not available at the worldwide market now and
will not be available in the near future!

In Russia, cheap flat scanning antennas are not
being developed

It is risky to design in Russia a satellite
communication system, assuming the presence
of cheap user terminals with flat electrically
scanned antennas.

B nocnegHee pecAtTuneTve Co3AaHbl MNJIOCKMe
dHTEHHbI C 3NNEeKTPU4YeCKMM CKaHUpPOBaHUEM AONA
cucTem LIJl/IpOKOI'IOfIOCHOI‘/JI CI'IVTHI/IKOBOVI CBA3U
CTOMMOCTbIO B AECATKU N COTHU TbICAY A011aPOB

MHoro obelaHuit CHU3UTL ueHy go S1000 wu
MeHee B banxKanwme rogbi.

Ho HapeAaTbcAa Ha noasneHne B 0603pumon
nepcrnekTnee AelweBblX CKAaHUPYIOLWKUX peLleToK
AN abOHEHTCKUX TepMMHanoB cuctem LEO/MEO-
HTS HeT TBepAbIXx OCHOBaHMM!

B Poccun cosgaHuem nAaHapHbIX AeleBbIX
CKaHNpPYHOLWNUX dHTEHH BCepbe3 HUKTO He
3aHNMAETCA

PUCKOBaHHO NPOEKTNPOBATbL Ccucrembl
CI'IYTHMKOBOVI CBA3MY, npegnonaran Hain4dyune
AeLleBbIX TepMHUHANOB co CKaHUpyrwnmm
aHTeHHamu B Poccumn.

“Ham Hem HeobxoduMocmu Hacmyrnamb Ha me e 2pabsiu, 4mo
yxe 6binu” B.C. YepHOMbIpPOUH




Addendum A

Phased arrays created in 20-th
century




«Don», C-band 1986

Radars phased arrays

«lIstra», 1975, S-band
Tx ferrite %
phase shifter J

Rx p-i-n-diode
phase shifter

Tx/Rx ferrite
phase shifter

Tx/Rx p-i-n-diode
phase shifter

Tx/Rx ferrite
Phase shifter
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Cost estimation of ferrite phase shifters

Optimistic (pessimistic) estimate

The cost, USD
PAA element A=10cm 6 Ccm 3cm 1cm

1 Phase-shifting
. section 100 40 20 15

(ferrite, waveguide,
coil)

2 Radiator
(two dielectric 60 30 15 5
rods)

3 Armature
(cradle, body, 40 20 10 5
cover)

4 Control circuit,
supply, special- 40 20 15 10
purpose calculator

5 Mechanical 100 60 30 15
construction

TOTAL 340 (600) 170 (300) 85 (150) 50 (90)
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Cost estimation of p-i-n-diode phase shifters

Optimistic (pessimistic) estimate.

The cost, USD
PAA element A=10cm 6cm 3cm 1cm
1 Phase-shifting
section 200 180 170 160
(p-i-n diodes, plate,
tuner)
2 Radiator
(two plates with
stripline radiators) 60 30 15 5
3 Armature
(cradle, body, 40 20 10 5
cover)
4 Control circuit,
supply, special- 30 20 20 20
purpose calculator
5 Mechanical 80 70 60 50
construction

TOTAL 340 (600) 320 (500) 275 (400) 240 (350)
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Phased arrays using other
types of phase shifters

Developments for MMW.
1980- 1992




MMW Phased Arrays with Electromechanical phase shifters
Radiofizika, «Vektor», 1983-1992 z2.

V-band reflect subarray  with @ V-band reflect subarray with piezoelectric
electromechanical phase shifters. phase shifters.

Ohmicloss—0.2 dB @ Ohmicloss—0.3 dB

Switching time — 5-10 milliseconds Switching time — 5-10 milliseconds
Circular polarization @ Linear polarization

= IS

T
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Ka-band reflect arrays with p-i-n-diode phase shifters
Radiofizika, Vektor, 1985-1991 2.

Reflect subarray with 3-bit

pin-diode phase shifters.
Ohmic loss ~ 1.5 dB.

Circular polarization.

Ka-band reflect subarray with 3-bit
pin-diode phase shifters.

Ohmic loss ~ 1.5 dB.

Linear polarization.

L
.
a
e
b
0
B
5
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Addendum B

Active Phased Array Antennas




The First Airborne Active Phased Array for Satellite Communications

NPO ELAS
Zelenograd, 1972

Antenna for In flight
communications

Frequency — UHF PAO RADIOFIZIKA, 2006
Satellite — «Molniya-1» Advanced airborne AESA for SOTM




Active phased arrays with electrical beam steering

Airborne Ku-band Tx and Rx phased
array antennas for «The Connexion
By Boeing».

USA, 2000.

Commercial mobile communications
and Internet access in flight

Vehicular Ka-band phased array
antenna.
Boeing, USA, 1996.

Military communications through
MILSTAR
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Addendum C

Antennas with electrical
beam scanning on “new”
physical principles.
Soviet developments of the
late 20th century




MMW electrically scanned antennas on ferrite controllable structures

Bauman University, 1980-1985 PAO Radiofizika, 1980-1985

Ka-band ferrite reflect lens V-band ferrite feedthrough lens

I"‘ s - o p S r
STtV DOODDRSS
SO0 HVOOSLOODOEE
SeT 00 UOTVODBOPOSE
N P YIS I T T T
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Developments of scanning antennas.
1980-1992

«Radant» lens — Multilayered tight array of printed dipoles shortened
by controllable switches (Vektor)

Controllable suspensions of polarizable particles in liquid dielectrics
(Bauman University)

Controllable reflectarray with liquid crystals (Bauman University)

Billions of rubles were spent on carrying out the mentioned and a
number of similar R & D in the USSR in the period of 1980-1992!
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