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JAMES WEBB SPACE TELESCOPE: FIRST LIGHT MACHINE RELATED CONTENT
“We're helping to safeqguard the success of the mission
by supporting spacecraft operational systems and the
11 scientific instruments with 123 radiation-hardened
components. Many have a long track record of use on
NASA deep space missions.”
Yasmine King
GM, Aerospace, Defense, and RF Products | Analog Devices, Inc.
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Beamforming Overview

Beamforming Basics — Beam directions BRVICES
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Beamforming Basics — the time delay
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Beamforming Basics — Near/Far Field
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Analog Beamforming
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Analog - Lower cost

= Power efficiency

WY %%ﬁ%ﬁ%ﬁ% - Limited to a few beams

— v = Limited beam reconfigurable options
I I I I I

VAP = Variable | Comoiner |
Amplitude and Phase wixer (X)

DSP
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Digital Beamforming Qsevices
Digital ~ Beamforming operation is in digital domain
= Multiple simultaneous beams
= Reconfigurable
MV, e V4 ~ Better calibration
S S ~ At the expense of cost and power consumption
Mixer "‘A 100 A"‘
= LO distribution (high frequency/phase coherent)
~ Higher DSP and bigger FPGA
| DSP |
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Hybrid beamforming
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= Analog beamforming within sub-arrays.
= Digital beamforming using signals from the

Subarray sub-arrays.
Pattern .
= Reduces data processing load on the DSP
LNA by the size of the subarray.
wefuellweliwe] - fwelwefwefwel - Angle of view limited by the subarray
| Combiner | | Combiner | pattern ]
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“ Con

Power efficient Beam count low, < 15 beams
« Single frequency conversion stage and digital signal + Increase area and complexity of combining and splitting
processing stage signals make high beam count impractical
H « VAPS and signal combining/splitting must happen within the
Analog Beamformlng element spacing to minimize grating lobes.
Cost efficient Limited beam reconfigurability options

Beam steering in the analog domain close to
9 9 + Minimal component count and PCB area
the antenna

Inherent spatial filtering

Highest beam count Highest cost and power consumption:
+  Data converter and frequency translation at each element
LO distribution and phase coherency at each element
«  Highest digital signal routing and processing requirements

Digital Beamforming - Highest PCB area requirements
N Aen - Highest flexibility in instantaneous beam count RF filtering and higher dynamic range requirements:
Beam Steering in the digital domain with an " ™ N Beamforming at baseband d th tial filteri
ADC or DAC at each antenna element configurability, and steering b::gflitt;rmlnga aseband does not have spatial filtering

Ease of calibration and adaptive nulling

Hybrid Beamforming o con

High beam count Digital beams bounded by subarray analog bandwidth
Beam Steering in the analog and digital ELZX::sle beam count and reconfigurability of digital Quantization side lobes

domains
Inherent spatial filtering

Moderate cost and power consumption:

. Data converter, frequency translation, and LO distribution
at subarray only

. Moderate digital signal routing and processing
requirements

1/
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Satellite Orbits
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320 to 1,100 km

N\

GEO

8,000 to 12,000 km

35,838 km

A
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GEO Phase Array Solution

GEO Characteristics:

= GEO located furthest away from earth at 3,5786 kms. This requires very large arrays with high element
counts or high gain in the signal path to compensate for the path loss.

,(smnms
-\ 22,282 miles from Earth
/ . Rotates with Earth

= Satellites in GEO cover a large range of Earth so as few as three equally-spaced satellites can provide near

global coverage

= GEO appears to be ‘stationary’ over a fixed position because its rotation is approximately equal to the earth’s

rotation

= GEO beam coverage = 17.3°. This requires many narrow beams to cover the complete field of view

176 beams to cover
earth’s surface

Bzamforming

[ Grating Lobe ]
Immune in GEO
 Component Count
L & PCB Area J

{ Power Efficiency J

Cost Efficiency

[ Spatial Filtering }

[ Beam Count J

Hybrid Beamforming

( Beam Count |

Digital Beamforming
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LEO Phase Array Solution

LEO Characteristics

= Alow Earth orbit (LEO) is, as the name suggests, an orbit that is relatively close to Earth’s surface. It is
normally at an altitude of less than 1000 km but could be as low as 160 km above Earth

= More available routes for satellites in LEO

= Satellites in this orbit travel at a speed of around 7.8 km per second; at this speed, a satellite takes
approximately 90 minutes to circle Earth,.

= Communications satellites in LEO often work as part of a large combination or constellation, of multiple
satellites to give constant coverage.

4

L Component Count ‘
& PCB Area

[ Power Efficiency J

Cost Efficiency

[ Spatial Filtering ]

[ Beam Hop J [ Beam Count J [ Beam Count J
Analog Beamforming Hybrid Beamforming Digital Beamforming
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Leo Satellites
400-1600 miles from Earth
Rotate around Earth

WN\‘
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Key Differences: GEO & LEO Communications Satellites

Geostationary Comms Low Earth Orbit
GEO (e]Xe)) Satellites (R=e))

~22,300 miles from Earth
Orbits with Earth ~700msec Latency

Y f
‘ ) Constellation 1000s

Size

Data Gateways

Few; fixed Required

Numerous; local

Useful

20+ Years Life

3-7 Years

Annual

Launches SK 2R

SAM per

$ Millions Satellite

~$100K

4X SAM Opportunity in LEO vs. GEO by FY’25

LEO

~400-1,200 miles from Earth
Orbits around Earth
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Market Trends

The New Space Race

Evolving Market Dynamics

Record Investment Levels

)

.Faster Smaller, Lower Weight
Build Cycles Space Crafts
Satellite
Market

Shorter
Duration Missions

Lower
Launch Costs

\ Greater Demand /

For Mobile Data

$10B

U.S. Space Force
Budget in FY’20,
Growing to $15B in
FY'21

(1) ;
$6B 5% :
Record Space as a % of
Private Investment U.S. GDP by 20402,

3Q20 YTD! up 2x vs. 2020

LEO Satellites Launch Forecasts?

6,000 c
Exponential
1
4000 el
ears
2,000
0

2010 2015 2020 2025

Evolving Market Dynamics & Record Levels of Investment From Private & Public Sources

1.5p: pital: Sp: Q3 2020; 2. Chamber of Intemal . Federal i ission & McKins

8/18/2022
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WMIELESAT

Kuiper Systems LLC

amazon | project kuiper
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Major Customers Investing in New Space CIsies
SpaceX —i
KERREEMAT AT
SPACE>X
| OneWeb
naEE FARE
AEEIS WorldVu Satellites
Telesat i i
BisA smEeaplRn

BRBERE408 AHBRAT
International Maritime Satellite
Organizationlnmarsat plc

D)

" .
Type Public t
Traded as Nasdaq: TSAT & R I n ma rsa
Russell 2000 Component Type Subsidiary ATWR LT
Industry Telecommunications Headquarters Redmond, Washington, U.S. B0 |SE: ISATE
Key people Rajeev Badyal (president) ISIN GBODBOSLSHES”
" BT 1979
] T/ A Andrew Sukawaty (EEE); Rupert
Source: Wiki Pearce (CEO)
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= GEO Satellite Orders

Average Cost per GEO Satellite
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GEO Satellites — Not Going Away
GEO & Non-GEO Satellite Orders Average Cost
GEO Satellite Orders Constant
= 40-50 satellites/year 3,000 $250.0
GEO Satellites will increase in price
= More sophisticated electronics #s00 S8
= Software defined radios
= Hybrid Beamforming g 2000
= SAM per satellite increases 2 00
L] $400M in 2025 : 1,500
$100.0
1,000
$50.0
500
AN A A e N .
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

= Non-GEO Satellite Orders

Average Cost per Non-GEO Satellite

Saurce: NSR
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Significant ADI Content Opportunity in LEO Communications

ADI’s LEO Opportunity

Electrical Power Communication Stabilization & System Health &
Systems Payloads Pointing Telemetry
i » Distribution & » Beam Forming IC » MEMS » Software Defined
Market Leadership G . 9 Acceleromeiais Radio Transceivers
High performance precision > Battery A:gp“ﬁ‘;‘;”:' Gyroscopes » Precision

» Inertial Converters

» Integrated RF Measurement Unil » Voltage Reference
subsystems

& RF Management

New Content

New RF, beam forming IC &
power opportunities

Complete Solutions

Acquisition leverage with the

integrated transmit & receive

chains (Hittite) & power (LTC)
Payloads &

Navigation
More Volume & Faster
» High Speed

Upgrades Converters

Mega LEO constellations & (ADC/ORRY

shorter time to market

90600
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Advancing Hybrid Beamforming Technology
Up/down Processing
Element . T
o conversion Digitization and
Sub-circuits and clocking calibration
System Level Solutions
| | FIR, DDC,
NCO, bUC,
alignment/
synch
Synch
23// Analog Devices Confidential Information. ©2022 Analog Devices, Inc. All rights reserved.
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Element Sub-circuits Docvices

* Low noise figure

* High linearity and PAE
» Wide Bandwidth

* M2 element spacing

+ Digital control

* Very low power

LNAs/PAs

* High Linearity

* 2x2mm SMT
packages

* PAE optimized

» Wideband

HMC1040CHIPS 7]

HMC1040: 20-44GHz LNA
24//

Key challenges near the antenna

« Mixed process die
in single package

» Optimize
transition loss

« Size reduction

ADTR1107: X-band Transmit/Receive Module

Analog Devices Confidential Information. ©2022 Analog Devices, Inc. All rights reserved.

FIR, DDC,
NCO, DUC,

alignment/
synch

AHEAD OF WHAT'S POSSIBLE™

ADAR3000/1

BFICs

* 17-22 GHz (3001)

« 27-31 GHz (3000)

« True time delay

* <12mW/ch

* Multi-beam

« Internal memory for
beam states

« L-Ka band part
family

ADAR3000: Ka-band 4 beam BFIC

24
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» Frequency planning
* Managing size/power

synchronization

System-In-Package
(SIP)

* Up to 70% size reduction
» Wideband

« Mixed processes

« Surface mount

Key challenges for up/down conversion

» LO/clock Generation, distribution, and

Integrated and discrete

* Very small form factor

» Band specific family of
products or wideband

I: ANALOG
DEVICES

LO & Clock Generation

» Wideband tone generation

« Very low Phase noise solutions

« Delay adjustment

« Extreme phase stability over
process, voltage, temperature

AHEAD OF WHAT'S POSSIBLE™
FIR, DDC,
NCO, DUC,
alignment/
synch

Tunable Filtering

« Decreasing size

* Increasing flexibility

« Easy to use

» Wide frequency coverage

ANALOG
IDEvices

ADMV8913

Converters

Clk

Sysref ~
=

Ref [
Sysref
.
Cik
Sysref

o]
Tt

ADF4377: 12.8 GHz stable PLL

Example PCB Design Example SIP Design EREIE] [P
30 mm. 20 mm: =
& 1
= e
2 e>aEE
; el
31 mm. ) . h Rl
= H
'
B |
&) e
&
ADMV4530: Ka band upconverter
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Digitization

» Power consumption

Key challenges for digitization

» Synchronization and phase alignment
* Frequency planning to avoid interferers

MXFE Product Family

* Highly integrated Mixed
Signal Front End IC
* 4ADC/4DAC
* ADC Fs up to 6 GSPS
* DAC Fs up to 12 GSPS
* User configurable DSP
* 15x15mm package
* On-chip PLL

26// Analog Devices Confidential Information. ©2022 Analog Devices, Inc. All rights reserved.
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17, 00C,
NCO, DU,
alignment/
e

Quad MXFE

* Prototyping system for L, S, and C band digital
beamforming

» Demonstration of synchronization between
16R/16T

« 16 ADCs, 16 DACs, PLLs, RFFE, Power, SW

26
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QuadMxFE platform > e

Signal analyser Eigra) genaeaior

Combined (amblnen

™
1 167/16Re
Calibration Board

nv I

32x MMCX-to- Individual Tx
Signal sythesizer  MMCX Cables

[
SO0MHz
Aipython M Source

(LANCR )N

& R Channels

Ethermet
4= Cable

FMC+ Extender,
Board

USBITAG —
e PyADI-IO & python USB UART —-
»GNURadio 4\ MathWorks

PC running ADI protatyping Software
or customer test code in Matiab,
GruRadio, C#, Python, others
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X Band (8 — 12 GHz) Phased Array > Lo

Prototyping and Development System
XUD1a

AHEAD OF WHAT'S POSSIBLE™

10 GHz lattice
spacing
™ RFIO 1
Rx| XUD1a 02 Stingray
Kilin MxFE Eval. 1, XIC Band ABF +TRM
ZCu102 Board 8x
PG <:> T Up &Down  [RFIO 3 ADAR1000
(4R/4T) RX Converter 30x
RX| (4R/4T) ADTR1107
T RFIO 4
Stingray
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Summary and Reference > 7S

Beamforming Theory
= Analog

= Digital

= Hybrid

Intro to Orbits

= GEO

= LEO

Marketing Trends
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https://www.analog.com/en/analog-dialogue/articles/phased-array-antenna-

patterns-part1.html

https://www.analog.com/en/analog-dialogue/articles/phased-array-antenna-

patterns-part2.htmi

https://www.analog.com/en/analog-dialogue/articles/phased-array-antenna-

patterns-part3.html

F"AnalogDiangue

[ssour |sovears |acaves |stoewzone  |maas | mesoueces

MAY 2020 VOL 54 @ my\nalog

Phased Array Antenna Patterns—
Part 1: Linear Array Beam
Characteristics and Array Factor

by Peter Delos, Bob Broughton, and Jon Kraft
@ Download PDF

30// Analog Devices Confidential Information. ©2022 Analog Devices, Inc. All rights reserved.

30

15



ANALOG 8/18/2022
DEVICES

AHEAD OF WHAT'S POSSIBLE™

THANK YOU

Analog Devices Confidential Information 16



