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* Background

e THz silicon microphotonics

e Ultra-wideband interconnect
between InP UTC-PDs and Si rod
waveguides

* Summary and tuture perspective
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Significant advancement in THz device integration is now required
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A. Rogalski, J. infrared, millimeter, and THz waves, 2022.
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They offer high output power, but are limited in operational bandwidth

SiGe BiCMOS / InP RTD /
~10 dBm @0.45 THz >10 dBm @0.45 THz

3mm 3.2 mm
Distributed supply pads LXXXXNLLIL R EhsE XTI DK LI L)

4.2mm
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Power supply routing
Y. Koyama, et al., IEEE Trans. THz Sci. Technol., 2022.

A
Digital ASIC

BIST readout

R. Jain, et al., ISSCC, 2020.

22.09.2025 shuya.iwamatsu@uni-due.de — German Microwave Conference (GeMiC) — Duisburg 5



m 2024 DUISBURG

German
Microwave

% Conference

Output power needs to be increased, but ultra-wideband operation is possible

InP UTC-PD / InP MUTC-PD / InP QCL /
—20 dBm@0.5 THz —0.6 dBm@0.24 THz —17 dBm@1.5 THz , <—20 dBm@<1 THz

Si-lens

~

MIR to THz
onversion efficiency (mW/W?*)

1-':\‘%
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f o, M. Grzeslo, et al., Opt. Express, 2023.

e
&3’\ WR-1.5 Retaining

ﬂ, ] Ill'llll\\ "W 0.3‘8 " 0‘\19 il Clip Copper submount Frequency (THz)
Fd - -
K. Fujita, et al., Photon. Res., 2022.

T. Kurokawa, et al., Electron. Lett., 2018.
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* Planar passive devices made of high-resistive (>10 kQ) silicon

* (1) Low loss (~0.1 dB/cm), (2) Low cost, (3) Broadband

Protective frame Coupling spike

Photonic crystal waveguide

Passive
photonic
circuit
- . Hole-lattice
Silicon waveguide effective medium
I) = =
[ ]
A et e L S
a r=0.30a 15 mm 0 Mo
K. Tsuruda, et al., Opt. Express, 2015. D. Headland, et al., J. Lightw. Technol., 2020. A. Kumar, et al., Nat. Comm., 2022.
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Quasi-optics THz Photonic Integrated Circuit
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1 mm : lens’ focus
S. Iwamatsu, et al., Electron. Lett, 2021. D. Headland, et al., APL Photonics, 2021.
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End-fire coupling Back-side coupling

Photonic-crystal
waveguide

Air hole

inserted
into cup

bend THz waves
A. Koala, et al., 2021.
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All-silicon
microphotonic

circuits
¢ Lens SBD/RTD/FMBD
*  Mirror
* Filter
* Antenna

etc...
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CPW: Coplanar waveguide

MMW)/THz signals
50-Q CPW input

@160 GHz

Tapered-slot transition

»

' y

f low

InP substrate Max

(Thickness: 100 pm) Si DRW/ N

DRW: Dielectric rod waveguide

A. Rivera-Lavado, et al., IEEE TTST., 13 34, (2023).

@160 GHz

S. lwamatsu, et al., J. Infrared, Millimeter, and Terahertz Waves., (2023).
Max — 20 dB
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Tapered-slot transition DRW
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»# —1.8dB @120 GHz

3-dB bandwidth of ~220 GHz

Coupling efficiency = S21
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InP-based UTC-PD
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* InP-based planar tapered-slot transition is developed for THz photonic integrated
circuits and employed for multi-band THz on-chip communications

* UTC-PD monolitically integrated with DRW platform shows ultra-wideband operation
with measuement up to 0.4 THz and simulation up to 1.1 THz.

* Miniaturized ultra-wideband communication/imaging/spectrosocpy systems
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