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Motivation

• Ka-Band LEO SAT Constellation

☺ High data rate

☺ Low latency

☺ any-where, any-when connectivity

– High Throughput Satellite (HTS)
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Motivation

Copyright ⓒ Axelspace Corp.

• Ka-Band LEO SAT Constellation

☺ High data rate

☺ High resolution imagery data

☺ Real-time and wide-extent data 

collection

– Earth Exploration Satellite Service 

(EESS)

– Against environmental solution, 

terrestrial disaster.
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Motivation

*HTS: High Throughput Satellite, EESS: Earth Exploration Satellite Service

[9] T. G. Roberts. Space launch to low earth orbit: How much does it cost? 

• Ka-Band LEO SAT Constellation

☺ Launch cost keep decreasing, But…

 Requires tremendous SATs 

– Constellation: 1k ~ 10k SATs 

– Frequent SAT re-launch

(short lifetime, air drag in LEO)

Still High Launch Cost
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Motivation

• Deployable array antenna  →  break through the trade-off

SAT
Deployable array antenna

SAT

Antenna Aperture Size

(EIRP)

Satellite Body Size

(Launch Cost)
Trade-off
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Prior Arts

NPJ Flexible Electron [2]

• Flex, 4-layer

• 10GHz WPT

• Active phased array

☺ Thin & lightweight

 Not enough layers 

for higher integration

(in shorter wavelength)

IMS2022[10]

• Flex, 2-layer, Inkjet-printed

• 19GHz 5G, SATCOM

• Active phased array

☺ Thin & lightweight

 Not enough layers 

for higher integration

EuCAP2020 [11]

• Rigid-Flex, 2-layer/2-layer

• 10GHz

• Antenna array

☺ Thin & lightweight

 Not enough layers 

for higher integration

4-layer 

only for 

Ants
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Prior Arts

IMS2022 [6]

• Flex, 4-layer

• 28GHz 5G, SATCOM

• Active phased array

☺ High Integration

☺ Thin & lightweight

 Not enough layers 

for higher integration

OJAP2021 [12]

• Rigid-Flex, 1-layer/2-layer

• 1.5GHz 

• Antenna array

☺ High stow rate

 Challenging fabrication 

in Ka-band

MCU

PLL

BFIC

BFIC

IMS2021 [1]

• Rigid, 5-layer

• 28GHz 5G, SATCOM

• Active phased array

☺ High Integration

 Thick & Heavy
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Proposed TX Architecture
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[7] D. You, RFIC2022
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Top View

Side View
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Antenna Design for Hetero-Seg. LCP 
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Angle [⁰]
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27.00 GHz

Antenna Design for Hetero-Seg. LCP 

Denoted by Denoted by 

• Less than 0.05 dB offset btw. Inner patches and crease patches.
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RF Distributions for Hetero-Seg. LCP 

• Microstrip line on L1 Layer
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RF Distributions for Hetero-Seg. LCP 

62μm
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RF Distributions for Hetero-Seg. LCP 

67μm

62μm
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RF Distributions for Hetero-Seg. LCP 

• Transition: L1 to L3

• Transition: STL to MSL
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Mechanical Deformation Calibration

2. Derive δn from the equation δn = αtest – αn,test

(knowns: αtest, αn,test).

1. Conduct the beam sweeping for every sub-array

to find direction (αn,test) in which the received test

signal be the biggest.

3. Offset the δn from the wanted beam direction, α to get the beam angles, αn for every sub-array.

δ2 

δ1

δ4 

δ3

α2,test
δ4 

α4,test

δ3 

α3,test

δ2 δ1 
αtest

α1,test

Test Antenna

αtest
αtest αtest

δ1 = αtest - α1,test

Sub-array 1 Sub-array 2 Sub-array 3 Sub-array 4

δ2 = αtest - α2,test δ3 = αtest - α3,test δ4 = αtest - α4,test

0. Complete calibration for all elements on ground.
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Fabricated Deployable Phased Array

• Prototype deployable TX 

with a single crease.

• 8×8 antenna array driven 

by 8 BFICs [7].

• 1 kg/m2 areal mass

(9.65 g in total).

• 3.0 mm Max. thickness 

@SMPM connector

(Header pin excluded)

• 1.4 mm thickness @ BFIC
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Fabricated Deployable Phased Array

Outward-fold Flat State Inward-fold
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Measured Beam Patterns
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Measured EIRP
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Over-The-Air Measurement Setup

AWG; Keysight, M8194A

Pasternack, 
PE15A4021

26.25GHz RF

OSC; Keysight, UXR0254

Mag Error

EVM

Phase Error
Frequency Error
I/Q Offset

Mag Error

EVM

Phase Error
Frequency Error
I/Q Offset

1 m

120GSa/s
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• 32-APSK @ 6dB Back-off point
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Over-The-Air Measurement Results

8-element OTA Meas. with 1500MBaud BW

Modulation 32APSK 256APSK QPSK 32APSK

Constellation

EVM [dB] -28.9 -28.3 -19.1 -21.6

EIRP [dBm] 13.3 12.3 23.2 22.8

• QPSK & 32-APSK @ 6 dB Back-off point.

• 256-APSK @ Max. SNR power level.

*@ Boresight beam angle & flat-board state
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Over-The-Air Measurement Results

8-element OTA Meas. With 200MBaud under Bent-Board Condition

Bent Angle, δ 0º 10º 

Beam Angle, α 0º 30º 0º 30º 

Constellation

EVM [dB] -34.6 -33.7 -34.5 -31.3

EIRP [dBm] 10.2 10.1 7.3 9.3

• Less than -30 dB EVM w/ 200MBaud 

under various bent angles and beam angles.

*Calibration Applied
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Conclusion

• A novel hetero-segmented flexible LCP substrate is proposed, fabricated, and 

evaluated toward the future deployable active phased array system for 

SATCOM.

• The proposed mechanical deformation error calibration methodology 

compensates bent board angle form -10º to +20º.

• The fabricated prototype deployable active phased array TX:

– achieved 46.7 dBm saturated EIRP.

– supports 32-APSK modulation at 6dB back-off power.

– achieved 12 Gbps data rate with a 1.5GBaud 256-APSK modulation.

• The deployable active phased array TX on the novel hetero-segmented flexible 

LCP substrate achieved 

– 1 kg/m2 lightweight areal mass (9.65g in total),

– 3 mm thickness
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State-of-the-Arts

MCU

PLL

BFIC

BFIC

IMS2021 [1] Nature Electronics [2] IMS2022 [10]

Structure Rigid, 5-layer Megtron6 Flex, 4-layer DuPont Flex, 2-layer RO4350

Frequency [GHz] 24 10 19

Integration 4×2 Ant, Amp, PS, Dig. 16×16 Ant, Amp, PS, Dig 32 Ant

Areal Mass [kg/mm2] 3.5 1.06 Unknown

Thickness [mm] 2 10 (stowed)/ 40 (deployed) 0.5
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State-of-the-Arts

IMS2022 [6] EuCAP2020 [11] OJAP2021 [12]

Structure Flex, 4-layer LCP Rigid-Flex, 2-layer Acryl
/2-layerRO4350

Rigid-Flex, 1-layer FR4
/2-layer Kapton

Frequency [GHz] 28 10 1.5

Integration 8×4 Ant, Amp, PS, Dig. 16×16 Ant 8×8 Ant

Areal Mass [kg/m2] 0.26 1.1 4.2

Thickness [mm] 0.9 Unknown 50
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