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ATHENA Lab Overview

IMS, June 2023
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& 3D Wireless
abled Sensors & Packagi
. Ckaging

and Switches
» Selectively functionalized CNT/graphene-based * Inkjet printed ramped interconnects on a 3D
gas sensors for real-time environment monitoring printed packaging structure
* CNT-based RF switches for flexible, fully printed » 3D printed system-on-antenna (SoA) with fully
phased arrays integrated RF front end.

Reconfigurable

4D g Long-Range RFID _

A . and Ene

Origami-Inspired Haroe sﬁ"ngv

Structures & .

* Tunable frequency selective surfaces using * Km-range passive “smart-skin” RFID sensors
3D miura folding with paper with mm-wave reflectarray

» Compressible/stretchable 3D antennas with » Wearable UHF energy harvesting systems for
liquid metal conductors and 3D scaffolding wireless on-body loT devices

Fully Printed Flexible Printed

Flexible Lenses and

RF/5G+/mmW Wireless Power

Modules s . transfer systems

£ < »2e

» Full RF system including antennas, rectifiers, s Rotmar-\ Lens for mm-wa.we/-SG power
microfluidics in a flexible compact package transfer‘nng and .comn?umcatton )

» Fully inkjet printed Massively scalable 5G * Breaking the high gain and large beamwidth
antennas/modules. trade-off at mm-wave frequencies
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6G Applications

AHumancentric mobile applications -
AActive indoor positioning = ‘
AOn-board/underwater communications
AWearable devices/implantable sensors- \"_‘ o gm0 | AT
AHolographic/Interactive virtual reality ~ .~ Bevondse
ASmart/remote medical service g |
ARobotic/Vehicular communications = P By Dfi

Tele-operated Driving Holographic applications

o

Flying Networks

& E-Health

Connected cars

A Dang, S., Amin, GBhihadaB. et al. What should 6G be?. Nat Electron 82202020). https://doi.org/10.1038/s4192819-03556
A A Yastre

[
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6G: Driving Applications

Multisensory.. Connected robotics Wireless Brain- Blockchain and
LSRN T

and ; Computer =2 .= W Distributed >3

L1
I "o Ne=d 2 3 ) : £5 o P
Applications = - Autonomous 5 Interactions = [fedl%erl :
& o
Systems echnologies

6G: Driving Trends

More Bits, From Areal to f Emergence of Massive From SON Convergence of End of the
Spectrum, Volumetric Smart Availability to Self- Communication, Smartphone

Reliability Spectral and Surfaces and of Small Sustaining Sensing, Control, Era
Energy Environments Data Networks Localization, and =

-] Efficiency : X - Computing

P
e G -

Above 6 GHz | Transceivers i Communicati Integrated Energy
for 6G with on with Large . Terrestrial, Transfer and
Integrated Intelligent Wl Airborne, and
Frequency Surfaces B Satellite
Bands y =] : Networks
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6G Specifications

A High intelligence for human-centric
applications

A High security, secrecy and privacy
A High affordability and full customization

A Technical requirements
A THF (FCC opens 95GHz-3THz)
A Ultra-wide bandwidth
A Low latency (1 ms end-to-end)
A Wide 3D coverage
A Very high data rate (1Tb/s)
A High energy efficiency (batteryless)

5G Beyond 5G 6G
St New applications:
- eMBB SSEE'*? S « MBRLLC
Application types *URLLC * mURLLC
“mMTC il « HCS
*Hybrid (URLLC + eMBB) e

Device types

Spectral and energy efficiency gains!
with respect to today's networks

Rate requirements

End-to-end delay requirements
Radio-only delay requirements
Processing delay

End-to-end reliability requirements

Frequency bands

Architecture

! Here, spectral and energy efficiency gains are captured by the concept of area spectral and energy efficiency.

« Smartphones
* Sensors
* Drones

10x in bps/Hz/m?/Joules

1 Gb/s
5ms

100 ns
100 ns

99.999 percent

* Sub-6 GHz
» MmWave for fixed acces.

* Dense sub-6 GHz small base
stations with umbrella macro
base stations.

» MmWave small cells of about
100 m (for fixed access).

TABLE1 Requirements of 5G vs. Beyond 5G vs. 6G.

+ Smartphones
= Sensors
* Drones
*XR equipment

100x in bps/Hz/m?/Joules

100 Cb/s
1 ms
100 ns
50 ns

99.9999 percent

* Sub-6 GHz
» MmWave for fixed access

* Denser sub-6 GHz small cells
with umbrella macro base
stations

* <100 m tiny and dense
mmWave cells

« Sensors and DLT devices
* CRAS

* XR and BCI equipment

* Smart implants.

1000x in bps/Hz/m3/Joules (volumetric)

1Tb/s

<1ms

10 ns

10 ns

99.99999 percent

* Sub-6 GHz

» MmWave for mobile acces

« Exploration of higher frequency and THz bands (above 300 GHz)
* Non-RF (e.g,, optical, VLC, etc.)

* Cell-free smart surfaces at high frequency supported
by mmWave tiny cells for mobile and fixed access.

« Temporary hotspots served by drone-carried base
stations or tethered balloons

» Trials of tiny THz cells.

A K. BlLetaief W. Chen, Y. Shi, J. Zhang and.¥A. Zhang, "The Roadmap to 6G: Al Empowered Wireless Networks," in IEEE Communikatialis Saad, M. Bennis and M. Chen, "A Vision of 6G Wireless Systems: Applications, Trends, Technologies, and Open Resesran Probl
IEEE Network, vol. 34, no. 3, pp. 13%®, May/June 202@loi: 10.1109/MNET.001.1900287.

Magazine, vol. 57, no. 8, pp.-8, August 2019joi: 10.1109/MCOM.2019.1900271.
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Potential Technologies

Terahertz communication with UWB
operation

Machine learning enabled intelligent radio
Flexible hybrid electronics for wearables
Reconfigurable Intelligent Surface
Wireless charging using energy harvesting
A Additive manufacturing with low cost and
high customization

o To Po To o

I
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.
State-of-art Review

Paper
Attribute Yang et al., [8] Zhang et al., [2] Saad et al., [4] Giordani et al,, [5] | Strinati et al., [3] This article
fa’iae" Gl 1 Th/s 1 Thfs 1 Th/s 5Tb/s (for VAR)  1Tb/s 1 T/s
Backhaul
x x x x
Data Rate 10 Tb/s 10 Tb/s
\lolumetric
, x x v x 1-10 Gb/s/m3 v
Capacity
[2] Z. Zhang et al., "6G Wireless Networks: Vision Requirements
Operating 200GHz + Visible L[gh’[ 100GHz to 10THz Architecture and Key Technologies", IEEE Vehicular Technology
Frequency 0.06 to 10 THz Up to 10 THZ Frequency (VLD FVLF Sub THz band +VLF | Upto 1 THz + VLF Mag., vol, 14, no. 3, pp. 261, Sept. 2019,
[3] E.Calvanes&trinatiet al., "6G: The Next Frontier: From
MObIllt\/ *x = 1000km/h x 1000 km/h x 1000 km/h Holographic Messaging to Atrtificial Intelligence Using
C | ) Subterahertzand Visible Light Communication”, IEEE Vehicular
Latency <1ms 0.01-0.1ms < 1ms <1ms 1ms Upla"e'_ = 1ms Technology Mag., vol. 14, no. 3, pp-82 Sept. 2019.
plane: = 0.1ms [4] W. Saad, M. Bennis and M. Chen, "A Vision of 6G Wireless
Holographic Teleportation, HI h Predsion Remote SUI’gEI’Y, Haptic Systems:”AppIications Trends Technologies and Open Research
Fine Medicine, Projection, Tactle and  XR (VR/AR), Brain eHealth, VAR, Magnufa durin Comm, Massive loT :;Zk;ems + IEEE Network, vol. 34, no. 3, pp-148, MaylJune
Major Use Intelligent Disaster Haptic, Autonomous Communication, Industry 4.0, Smart Enviror?;nent Enabled Smart City, . M' o el Touarde 66 Nt Lo )
0 o noc 5 5 . lordani et al., lowaras etworks: Use Cases an
Cases Prediction, Surreal VR, Driving, Internet of Connected Robotics & Robotics, : " VAR, Autonomous _
Y . : HO'ngaph[C .. . Technologies, Mar. 2019
3D Videos Nano-Bio Things, Autonomous Systems Autonomous . Driving, Automation and i . o
i Communication i [8] P. Yang et al., "6G Wireless Communications: Vision and
Space Travel Transportatlon Manufacturlng Potential Techniques”, IEEE Network, vol. 33, no. 4, pjg570
THz Communication Tinycell, Ubiquitous R i L) e
Ultra Massive MIMO Hologranhic ' Ne:worI'( Enei Communication, Architecture, VLC, Pervasive Al, EH, VLC,
. OAM-MDM, Super graph! & VLC, ML, 3D Al at Network Blockchain, Cell Free
Key Enabling . Beamforming, Transfer and Harvesting,
: Flexible Integrated o Networks, Cell- Edge, Battery-less Network, Quantum
Technologies . . Quantum Comm, Transceiver with ; )
Network, Multi-Domain less Architecture, Devices, THz Comm, Metasurface,
: Al/ML, LIS, VLC Integrated Frequency . .
Index Modulation Blockehain Band. Smart Surface Energy Harvesting Communication, OAM, WPT, Context.
' NFV, Backhaul Distributed Security Comm.

TABLE 3. A comparative study among variuos 6G approaches.
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Zero-Power EnvironmentallyFriendly Sedt ST f Ay 3 daa2 NLIKAY 3£

Fully-Additively Manufactured AntennasMetasurfacesand Reconfigurable Intelligent Surfaces
[OFLfFro6fSsy {daildlAylIoftSs {LISSReéecx { SOc¢

Corrugated Horn Antenna
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The Internet of Smart SKins

AThin, Flexible device: the Skin
AUltra-low-power: <20 & W
ABattery-less: Energy Harvesting
ALong-range: 250m+

ALocalizable in real time (cm
accuracy): single-reader
localization (Angle+range)

AMetal-mounting compatible
AEnhanced by 5G+/6G.

I
Georgia || | School of Electrical and
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{OFtFofSy {daAadlrAylrofSsy {LISSR
Vision: AM Smart Packaging and
"Self-Healing” mmWave transceivers

Corrugated
Horn
Ante

Corrugated Horn Antenna

Gradient Lenses | Embedded Fingerprin’
7\ Resonators/Sensors

On-Package Bio . ~ Die

Application

| m
-

4 —\

= :
= j Ramp Interconnectior Die s Par‘tlclle
Micro-channels eparation
Cavity filled with SU8 Encapsulatio Structure
Full smart package with multiple Horn antenna array integrated into Integration of BIOMEMS inspired
features. MCM, for compact high gain mm-Wave || structures for wearable and
transceivers. implantable wireless biosensors

|
Georgia | School of Electrical and
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Disruptive Wireless Modules Technological Steps

Filter Antenna
=y —
——x=
& @ ] (=] !!4— nBGA

F‘g—-?ﬁ_{a— & 5GA
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Additive Manufacturing Technologies:
A Manufacturing Revolution

Additive Manufacturing technologies

I Ramp CPW for I

: L Passive Components 3D Printed Via for ional Li ..
Inkjet Printing ext Ao Mok Groundorfowes: T Pg 3D Printing

r
! > Encapsulation
—> Ground Plane

— Power Plane

»y

3D Printed Flexible

\ Substrate

IC with Different Thermal Vias
Thickness

P 1
ipes ex \Weoo

Georgia | School of Electrical and
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S
System On Antenna (SOA)

Feed Inkjet Printed
Substrate RF/DC
Feed Lines

3D Printed

Horn Antenna Line /
A 0 E
O /
ICs :
_ _ 3D Printed
Inkjet Printed aatsink

Gap Filling

¥ Microstrip

| School of Electrical and
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Backscatteri-hhagwe Ao TEZralml | ng
Technology

B :
(@@ : Wearable
Energy Harvester
(Rectifier +

Freguency Doubler)

Two-Way

Talk Radio @

Sensor
RFID
Tags with
Energy
Harvester

<]
Active

Engﬁged —\ﬂ_ﬂ_ﬂ— ."‘ b

Encoded —lﬂ_ﬂ_rL

Bits

Backscatter

Georgia J‘l School of Electrical and

Techg Computer Engineering

0

Long Distance

(More Than 10 m)

464.5-MHz
Signal

L,
Souds,

Software
Defined Radio
(Reader)

929-MHz 929-MHz

Signals
(Emitted)

Signals
(Reflected)

.. Nearby Music Station
é Low Cost SDR Reader
.0. c!}_@ e ‘l

¢°" %‘Za N

&, = Modulated 2.3-GHz Signal
31-dBm -— Rx Tag
Z'Q'GHZ 7Antenna o — A :
Signal / g { e T
Matching 1 RF-—dc 248 ! B W Power Amplifiers
Circuit Converter RF—dc Rectifier 5 L |
=l ‘ i
g i 1-MHz [
%’@ R Silol Q Oscillator 4 J Tx Antenna
R 4 : Transmitter
L Oscillator / :

A Gigabit/sec backscattering data
rates

A <0.15pJ/bit power efficiencies
A 1km+ interrogation range
A Fully scalable/ultra-low cost




Gbps Millimeter-wave Backscatter

Flexible -
printed sl
arra \ o
y ) 1.4 Il.',."'r LY
gizp 1} AR
3 ' B \ Eam,
- Ly
208} il
E |
205! i
= !
o4 | |
0.2 ¢
blt biﬂS a 10 i s 40

5 20 25
Frequency (GHz)

Printed flexible 24-28 GHz tag

Ultra low-loss substrate

First time reported Gigabit backscatter data rates (> 4 Gbps)
Extreme energy efficiency < 0.15 pJ/bit

3-4 orders of magnitude beyond current RFIDs

J. Kimionis and M.M. Tentzeris, “Millimeter-wave Backscatter: A Quantum Leap for Gigabit
Commu- nication, RF Sensing, and Wearables,” in |IEEE MTT-5 International Microwave
Symposium (IMS) 2017, Honolulu, HI, USA, Jun. 2017.

|
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Artificial Intelligence: the key enabler

Decision Trees / k-Nearest Neighbor

+ DT * k-NN
- Widely used method - Simple instance-based
- based on the form of a learning for prospective
=TTy = s ( \\( tre.e structure stat?stical clallssification
e é - Suitable for a non- - For input variables,
‘ ‘ _ (G = i J: - parametric model with no Euclidean distance is
. ‘ ' i L".‘é. assumptions used
§8 = = ==
® & [ v rameg &
[

© Sidath Asiri © Adi Bronshteif” " !

|
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The First Fully Printed Autonomous Wireless
Modules (IoT/5G)

d L4 L4

3D Printed Cavity
Antenna Array e

Diode  Taper Line
3D Printed Ramp for .y
Interconnection

- 3D printed substrate , ]
> ) P . ) _ i Inkjet printed
- with cavities, via holes, Inkjet printed SU8 .
i ™~ d conductive traces
Testing Pa P '_,_.f-'.’)"D Printed and ramps
" ViaHole
Embedded Energy : ’_/"'/.’ 3D Prir_1ted Su_bstrate
Harvester with Cavity

&
= o Ld - L

GMND, Via Fabrication
Filling Flip-chip IC Bonding

. i =
| —m/ - | —ms/

Inkjet printed antenna
an the top layer L ____ 1

aRBRRRED
s ek Silver

Conductive Epoxy

Inkjet printed SUS

12-18 GHz Tunable Systemn-Antenna forloT

T.-H.Lin, S.N.DaskalakisA.GeorgiadisandM.M.Tentzeris "Achieving Fully Autonomous Systeimn-Package Designs: An EmbeddmaPackage 5G Energy Harvester within 3D
Printed Multilayer Flexible Packaging StructureRfpc. of the2019 IEEE IMS Symposium, Boston, MA, June 2019, pp.1371378.

|
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https://tentzeris.ece.gatech.edu/ims19_lin.pdf

Encapsulation Structures [16]

i Cavity Board

Inkjet PCB
Layer

Inkiet 3D Printed

. Encapsulant MMICs and
Printed

FSS | Inkjet

Layer

QQQ Interconnect

Fig. 2.
showing the multiple layers that were additively manufactured.

P
“" 1: L
- -

“..‘l’.'-.' .

|
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Exploded view of the complete encapsulated RF front-end MCM,

A The first mmwave multichip module (MCM) with iR S Y I Y R
A Fabricated using inkjet printing and 3D printing.

MHWy anufactured mm - WT TNvmuj] dl J g Npevm X ul TGV mmz

GaYlNIé¢ Syol L

A Inkjet printed interconnects exhibited a superior |S21| performance through out the whole
operation range up to 40GHz with a peak of 3.3dB better gain fortzaKd LNA.

A The proofof-concept frontend MCM demonstrates exceptional performance

w
o
w
(%)

-
o

1
= Avg |S21| printed
——Avg |S21| bonded

25 9 =
[2s]
S
20/ 25 g
g &
=15 g 5
S £
%3 o
5=
o
@

5 ~—— Bare die [S21|
- |S21| difference
0 0.5
20 25 30 35 40

Frequency (GHz)

Fig. 9. Left axis: average insertion loss for printed and bonded samples. Right
axis: difference in insertion loss between the printed and bonded samples
(printed minus bonded). The bare die (without interconnects or evaluation
board) measurement is shown in green as a reference.

0
@10+
A=A
2
o
Q-20¢
£
o
N p
% P i :[——Evaluation Line [S21]
H P Evaluation Line [S11|
iy *|—Line with Gap [S21]
P sl Line with Gap |S11|
-40 2 . y
10 15 20 30 35 40
Frequency (GHz)
Fig. 6. |S11| and |S21| comparison between a regular thru transmission

line and interconnected transmission line structures using inkjet printing

techniques.



5G Broadband and Miniaturized Antenna-in-Package

3D and inkjet printedcsoPDesign

- . F g A Fully additive manufacturing (3D and inkjet printing)
frgmanPetat sy S ‘ 3 A Broadband 5G packagetegrated antenna
((( -3)) i > | A Flexible materials for resistance to shocks and
Lowdoss vibrations
WInEr .
A First to Cover 24.25 Gldz0 GHz (FBW: 49%)
PCE o . . .
BGA .1 . A o 1 \ Realized gain >dBi
ol TR o wl xrF e A 0.29 0x0.48 o element size
Lo KE S \
i O S T
——Sim x-pﬂu 600 ——Sim x-;:gluc 0o
(a) (b}
1 1 12 —
10l — Measurement||
19 a4 19 0 . - —Simulation
| -1 — ey L
+1 X T ‘ ° +1 o % % 2
A e coma P00 1 e copol R0 e 8 4l
| Simxpo |-=60° —_Simxpo -<00° -30 —Measurement il © 5|
© e - —Simulation !
- e o
Yagi AP ol design o () 2425 GHe boplane, (b 0 5 10 1520 25 30 35 40 24 26 28 30 32 34 36 38 40
2425 GHz H-plane, (¢) 40 GHz E-plane, and (d) 40 GHz Frequency (GHz) Frequency (GHz)
H-plane.

T.-H.Lin, K.Kanng A.O.WatanabgeP.M.Raj R.R.TummalaM.SwaminatharandM.M.Tentzeris "Broadband and Miniaturized AntenitaPackage AiP) Design for 5G
Applications",IEEE Antennas and Wireless Propagation Letters, Vol.19, No.11, pp1B#73 November 2020.
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https://tentzeris.ece.gatech.edu/mwcl20_tonghong.pdf

Origamtinspired FSS Using Eggbox Structure

Key Features  _ S ] ) )
- a93d302E¢ STESYSYU gAUK U@g2 Udzy lig
- Crossshaped conductive pattern with two polarizations |

- Much wider tunable range than Miwbased FSS

S,,(dB)

S,,(d8)

75
Frequency(GHz)

Simulated and measured S21 of horizontal and vertical
polarizations with different folding angles.

(©)
) ] Type | Pattern FreqR'I\mable Polarization |
Design of crosslipole eggbox FSS M T Dipole 12,600 e
element: (a) perspective view; (b) Miura | Dipole 13.5% Linear |
top view; (c) equivalent circuit. Miura | Cross 19% Dual-linear
(this work)| Eggbox | Cross 25% 4_313111:115:;;16 |
Fabricated prototype

Performance comparison of different configurations.

Y.Cui, R.Bahr S.VanRijs andM.M.Tentzeris "A Novel 4-DOF widerange tunable frequency selective surface using an origami "eggbox"
: : , : .
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https://tentzeris.ece.gatech.edu/IJNM21.pdf

3D printed Liquid -metal-alloy microfluidics -based
Psyhbnj![jh{bh!boe!l fmjdbm! Bou:!

A GeNBSE o1 AIT I IkKSE A
band (3GHz/5GHz) operability and differer
polarizations (linear/circular).

A +£FNBAYTI NIYXRAFGAZY L
compression.

Zigzag __
antenna

. —-—- Simulation (original)

s B Som >3 ',' :
inserted ) \yp {": 3 ¥ e 40 I-! Measurement (original)
(feed) . 13 v
= Measurement (compressed)

Measurement (streched)
95 23 30 35 70
Frequency (GHz)

origami
Voronoi
structure

5=

-10

!

A

S11 (dB)

- - - Simulation (original) 7y
- - - Simulation (compressed) : f

|
- - - Simulation (streched) 1:

-20)

Measurement (original) I
L}
1

) idi Ol’lg | nal Com pressed Measurement (compressed)
: —— Measurement (streched)
1annel inside (5 GHz) (5 GHz) 43 T3 50 53 5o

Frequency (GHz)

Sy W.,Nauroze S. A, Ryan, B., & Tentzeris, M. M. (2017, June). Novel 3D printedriefaiealloy microfluidicsbased zigzag and helical
FydSyylra T2NJ 2NAIF YA NBZD2NEEE Mt®hleradtidhal Migiaw8vg $ymposiumNIS) 215761582)
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I
Printed Flexible Electronics

2500

Increasing demand for flexible electronics for:

2000

Wearables.

2. Textile electronics. 2 1500 |
S
3. Biomonnitoring and sensing. g
fe]
4. Lowcost applications. & oo
5. Disposable and environmentally friendly.
500
6. Light weight and conformal sensors for robots
and aircrafts.
Year

wS &S NODK LJdzo f A OflefiilleXEieétron®s2 NJ
Corzo, et. al. (2020yl0i: 10.3389/felec.2020.594003
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(=1

&
S

———-135° Sim.
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Flexible Tile-Based Phased Array Antennas for 5G Communications

I NN} & (Af Sa

Key features:

Steering angle (degrees)
-90° Sim. ——— -45° Sim. ——0° Sim.

45° Sim. 90° Sim. 135° Sim.

Tile-based approach suitable fanodular and conformal large-array systems.

Wideband transmission with insertion loss less than 0.3dB from 10 GHz to 30 GHz.

A Greater scalability and flexibility.
A Array to change dimensions based on the application.
A Conformally wrap array around curved surfaces.

Substrate
on —
Substrate

Transmission lines

* Ground plane

Transmission line




Fully Printable Phased Array Tiles

A Independenbeam-steerableflexible planar TX and RX antenna array syste

A Frontend ICs with builin phase shifterto steer the array of each tile, with
individually controlled radiating element

A Corporate feed network conneatsnovable tilesto build a larger array P o
A Flexible tiles and feeding networkcan be conformally wrapped around cur
surface |
o ‘S-Parlametlers [h"lagmt‘ude irT dB]‘ s = &, = s
Esz:: et - 5 D D o O D D 5 ; T ;
s 21 VAT ] 1| L L[] |
- O ] DD” O
I [ ruerrr=y MR m 0 O O _ _
qz‘; )3‘0 S : i M:M ’ Interconnect of microstrip
Frequency | GHz D O

to-microstrip transition

praNm 'od0o || sO0@o
e e . D\
S| S N S I

” "HHc g cEa-

: B e

S L e Tx phased array tiles

Beam steering Simulation results  connected by corporate feed
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Tile-by-Tile Reconfigurable Intelligent Surfaces
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Chiplet-Based B5G Tonoloaies

3D printed embedded
3D printed flexible Chiplets microfluidic channel

A Fully printed next generation chiplet based phased array SoP designs 5”“““’“?”'“"’”'/ £

with flexible packaging structu
massively scalable high-performance 5G+/6G/sub-THz flexible
integrated wireless modules.

A 3D printed die-to-die and die-to-package interconnection topologies
that can enable robust fan in/fan out (50-100+) interconnects with 10x
15x smaller losses and parasitics compared with conventional wire-
bonding and vias up to 70GHz+ frequencies.

A ) L. A Inkjet printed . )
A Integration of microfluidic systems, EMI/EMC suppression structures temperature sensor  |"KIEt/3D printed interconnects \ single
. . . ‘i multichiplet tile
and self-monitoring sensors in fully additively manufactured ’
encapsulations.

Phased array chiplet

A Optimized hybrid additive manufacturing technique with submicron FSs encapsulation —
printing capability and 3D printed heat-r e si st ant (200 o I _ v omerenpiet
biodegradable materials demonstrating very significant benefits for — --_'_-!Jjntﬁace ]  Inke30 prined nterconnecs
future customized and scalable flexible systems operating up to sub- fleble |
THz frequency range. capaation ) 30 et ot
channel
A Demonstration of fully printed conformal and reconfigurable chiplet 1 Multichiple Integration
on single tile

based phased arrays for 6G/sub-THz flexible systems enabling wide-
Chiplets

angle scanning even for extreme radii of curvature. / ]

A Inkjet/3D printed interconnects with excellent electrical and mechanice woprmeaextie «— o fampinterconect\ ‘/c:,‘.wb,idge Interconnects
reliability over monotonic, cyclic bending tests (<0.1dB/mm insertion =™ enereten N
Inkjet printed traces inkjet printe

loss during 10000+ bending cycles over <1 inch bending radius). ()  ramp/filing
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Realized Gain (dB)

Computer Vision Aided Calibration of Foldable PCB Topologies
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A Conformal applications of arrays allows Requires a way 1{0) adaptively

for superior integration in wearables, -
aerospace and communication knOW_ Fhe _Current bendmg
platforms. condition in order to accurately

correct for bending

A However, phase error causes gain
degradation -> Needs Correcting

?dBi}

Gain (dBi)

Corrected Phase |.. Uncorrected Phase
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A Utilize inkjet printed resistance sensors -> Resistivity changes with bending

A Classification algorithm: Linear Discriminant Analysis to classify bend radius and orientation
ON THE FLY

A Using LDA: 90% accuracy and only 0.071dB in gain error
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