UTC Photomixer

Photonic generation of THz signals is promising for various applications. the 1550-nm photodiode
having high output powers as well as superior high-frequency characteristics is a key component.

The uni-travelling-carrier photodiode (UTC-PD) is one of the best solutions, because it provides a

high 3 dB down bandwidth and high-saturation-output power simultaneously.

We are working to enhance the functionality of the UTC photomixers by improving both the module
design and the photomixer chip design. In terms of module design, we are continuing to expand our
waveguide output series in addition to our quasi-photonic moudule. Regarding high-power UTC-photo-
mixer, we are driving the development of InP_on_SiC type chip (heterogeneous material bonding onto
SiC substrate)™.

FEATURES

«Efficient THz generation

*Wide frequency-range operation

*High stability

*Room-temperature operation

*High-power operation in InP_on_SiC chips

SPECIFICATIONS

THz output
Output Type Chip type Model (Output port) Frequency (GHz) Output (dBm) Operating condition
Optical
power(dBm)
IOD-PMW-13001 (WR-10) 75 -7.0 -4.0 90 13.0
IOD-PMF-13001 (WR-8) 90 -8.0 -5.0 13.0
IOD-PMD-14001 (WR-6) -9.0 -6.0 140 13.0
IOD-PMG-20001 (WR-5) - - 180 14.5
IOD-PMJ-13001 (WR-3.4) - - 300 {585

InP_on_SiC |IOD-PMJ-26001 (WR-3.4) - 5 300 18.0

Min. Max. Min. Typ. Freq.(GHz)

Waveguide output

Quasi-photonic InP IOD-PMAN-13001 (Si lens) - -30. 16.5

Outside Dimensic

Waveguide output type Waveguide output type Waveguide output type Antenna-integrated type
10D-PMW-13001 10D-PMG-20001 (InP_on_SiC chip) (Quasi-photonic type)
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W-band Photomuxer WR-10  2.540x1.270
F-band Photomuxer WR-8  2.030x1.020
D-band Photomuxer WR-6  1.651x0.825
J-band Photomuxer WR-3.4 0.864x0.432
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KEY CONCEPTS OF UTC

UTC-PD was developed by NTT in Japan. A UTC diode
features a moderately p-doped InGaAs absorption layer and
a depleted, undoped or lightly n-doped InP carrier collection
layer. Photocarriers are generated in the absorption layer.
The electrons diffuse/drift into the collection layer, due to an
additional diffusion block, not to the p-contact layer.

The holes, by contrast, travel to the p-contact but do not
enter the collection layer. Thus, only the electrons cross the
collection layer. This type of carrier transport is substantially

different from conventional p-i-n diodes, where both electrons

and holes contribute to the high-frequency photocurrent.
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In the waveguide-output photomixer, the output from the InP UTC-PD chip is connected to a microstrip RF
board incorporating a waveguide antenna. By integrating a resonant circuit on the chip that matches the
waveguide’s frequency band, the photomixer achieves flat response and high output power.

In quasi-optical photomixers, a self-compensating bowtie antenna is integrated within the InP UTC-PD to

achieve a wide-band output spectrum.
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The introduction of heterogeneous material bonding technology onto SiC substrate has demonstrated an
increase in the output of INP/InGaAs UTC-PDs through a collaborative research project ™V between NTT
Innovative Devices Corp. and a Japanease university team. We are moving forward with commercialization

of this product as our top candidate for a J-band
photomixer. At NTT Devices, we are developing
InP-on-SiC technology with the aim of adapting
it to all frequency bands.
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*1) This result was based in part on research conducted by The University of Osaka, Kyushu Universi-
ty, and The University of Tokyo under commision from the National Institute of Information and Commu-
nications Technology (NICT), Japan; Beyond 5G R&D Promotion Program (JPJ012368C-00901)
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