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oIMS Motivation

Connecting Minds. Exchanging Ideas.

 Sub-THz band for 6G

— 6G frequency spectrum along with upper-mid band

* Three key 6G services

— Real time data processing, extremely lower latency, hyper- &
fast data rate (100 Gb/s - 1 Th/s)[3] Truly High-fidelity

Digital

. ) Immersive  Mobile Replica
— FCC released 95 GHz to 3 THz for the next generation’s XR Hologram
communication research and experiment.

 Samsung’s white paper regarding 6G
— “Spectrum Expanding the Frontier” |
— “The Next Hyper - Connected Experience for All”




GIMS Dk and Df of PCB at D-band
* Unknown Dk (g,) and Df (tand) at D-band

— Design constraints of RF circuits (antenna, power divider, etc,.)

e Challenges:
— precise calibration/measurement, fabrication tolerance = incorrect Dk and Df
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Carrier Board
Cross-sectional View of Antenna-in-Package (AiP)
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= metal thick: 15 um
= Core and PPG thick: 50 um
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O0IMS  pCB Material Properties at D-band
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Calibration Method for Measurement B
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» Dk/Df extraction from measurement \ arihe
, L 110-170 GHz / —_—
— Two microstrip line method [4],[D]

SAN DIEGO
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O2IMS  Vija Transition and Sub-THz AiP
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* Via transition as key component of signal path
— Sub-THz frequency response characteristic

e Challenges:
— Electrically large via size, rough design rule of conventional PCB fab

- THz Beam Scanning
M1 sl ' - Patch

M2 I I N D S S S =Ant_

14-Iayer PCB Network

[

M9 ) . -
== -
M11 : j — - Transition SHi
M%% : Ir->V|a Transition ___ & Routing
M14 | | . \

BFIC (Beamforming IC) BGA PSR T

135 140 145 150

Freq. (GHz)

Bump Underfill
Carrier Board

<WE1B>-<319-YG300>




B2 1IMS Proposed Stub-loaded Via Transition
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* How to improve impedance degradation of via transition?
* Requirements: compact size and wideband
« Stub-loaded via transition as solution
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B2 1IMS Proposed Stub-loaded Via Transition
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SAN DIEGO

* Design and implementation
— 4x1 linear array on 14-layer PCB

— Multiple stub-loaded via transition
Impedance Matching Performance

4x1 linear array with stub-loaded via transiton  (
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G2IMS  Design and Fabrication

* 4x1 linear array + stub-loaded via transition
— Fabricated using conventional mSAP

Fabricated 4x1 linear array
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G0 IMS  (Cglibration and Measurement

e Custom-built D-band antenna probe measurement system
— Allows accurate characterization of AiP
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OIMS  Calibration and Measurement i

* Two-step calibration procedure
Wavegunde SOL Cal. Kit

Freq. Ext. RWG

Impedance Standard
Substrate (ISS)

<WE1B>-<319-YG300>



OIMS  Measured Results and Summary &=

Measured Return Loss and Radiation Patterns (¢=90")
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* Proposed stub-loaded via transition for D-band AiP

* Showed good correlation between mea. and sim.

* Gain of greater than 8.9 dBi with 13.2% of 10 dB FBW

* Provided sub-THz AiP design with conventional PCB process
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