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Outline
» Transistor Technologies for 300-GHz Operation
= Benchmark Performance of InGaAs-Channel HEMT Circuits

» 300-GHz Front-End Developments in the ThoR Project
» Front-End Circuits
= High-Power Amplifier Development

= Summary and Conclusion
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Technologies for 300-GHz Wireless Systems
Why Using InGaAs-Channel HEMT Devices?

= InP HBT (f,ox > 1 TH2)
» Highest output power up to 300 GHz

= SiGe HBT (f, . 650 GHz)
» Recent progress towards 300 GHz

» InGaAs-channel HEMT (f., > 1 THz)
» High bandwidth, sufficient output power, record noise figures
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InGaAs-Channel HEMT Technology at Fraunhofer IAF
High-Speed Devices for THz Applications

» 35-nm node is typically used above 200 GHz
" Iny 3Ga, ,As channel
= BEOL:

» Three metal layers, TFR layer, MIM layer

» f./f . > 500 GHz /> 1000 GHz
SEM HEMT cross section TFMSL 2-finger HEMT Simplified layer stack
MET3
MET2
MET1
HEMT epid{

35-nm gate foot
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Design Example: Distributed Amplifiers
Record Bandwidth and High Output Power

40 VectorStar«—{—~WR3.4
@ 30-
£ 20]
g 13_ "N
E © ] P
3 .
g -10 N7
B 520 V]
30 I~
L -40
CD '50 - ; T Y Y T i T Y '" "_| ' Y —
' 0 80 120 160 200 240 280 320
2000 pm Frequency (GHz)
.. . . . o) = ‘M Y Vreyy?Y Y v—-vv"vvv I -
= Distributed topologies enable bandwidth exceeding T 20 “rvv, e 110
DC-330 GHz ¢y 16 s T8
C L. - = 1 *00000e00*t %% _o¥ %, 2
= 8-cell distributed power amplifier £ 121 ] s T e e 1 © ,é:J
m Aaast . ‘/ \ALA 7 “0_ i
=S,,:>17.5dB (65-305 GHz) © el x| o
o Abya
= Pour: 1015 dBm - — G, R
. . 1 A ar
= First octave+ BW MMIC with 10 dBm @ 300 GHz 0 - e PRE g
75 100 125 150 175 200 225 250 275 300 325

Frequency (GHz)

[Ref] F. Thome and A. Leuther, "A 75-305-GHz Power Amplifier MMIC With 10-14.9-dBm Pout in a 35-nm InGaAs mHEMT Technology," in IEEE MWCL, June 2021.
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300-GHz InGaAs mHEMT Front-End Developments
Key Enabling Components in the ThoR System

ThoR System ThoR System
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300-GHz transmitter module 300-GHz PA module 300-GHz receiver module
= |F: 59-90 GHz = Bandwidth: 280-320 GHz = |F: 59-90 GHz
= RF: 280-315 GHz * Pouri >10 mW = RF: 280-315 GHz
= LO: 70-76 GHz = LO: 70-76 GHz
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300-GHz Front-End MMICs

Designed and developed by the University of Stuttgart
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[Ref] I. Dan et.al, EUMIC, 2021
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Module Performance

IF: 59-90 GHz
RF: 280-315 GHz
LO: 70-76 GHz

X
OP1dB: -5 dBm

RX
IP1dB: =20 dBm
CG: 2-5dBm

300-GHz Front-End Modules
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- [Ref] D. Wrana et.al, IEEE TTST, 2022
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Front-end MMICs have been packaged into split-block waveguide modules
WR12 IF/LO, WR3.5 RF
Low-loss fused silica waveguide transitions are used
Measured performance described in detail in:
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300-GHz Power Amplifier MMICs
Compact Unit Amplifier

Goal

* maximize achievable output power
at smallest chip width possible

Topology
= 5-stage unit-amplifier MMIC
= PA core:

880 x 170 pum?

e Only 170 pm wide 1200 pm

» Driver stages:
« Cascode for high gain _
8-finger Cascode

= Qutput stage: PA Cell
« CS for best ratio Py vs. amplifier
width

8-finger CS
PA Cell

 TGW: 256 pm 8x10 pm 8x10 pm 8x10 um 816 um 2x8x16 pm

Laurenz John | ThoR Final Workshop 29-30 June 2022| Development of THz Front-Ends Based on InGaAs mHEMT Devices | 10/15

HOR

Z Fraunhofer ThorProject.eu

IAF

380 um



300-GHz Power Amplifier MMICs
Compact Unit Amplifier
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300-GHz Power Amplifier MMICs
Full PA Circuit
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300-GHz Power Amplifier Module
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Conclusion & Outlook

» InGaAs-channel HEMT devices provide record bandwidth, unparalleled noise
figures, and sufficient output power (state-of-the art at 300 GHz)

» Hardware developments in the ThoR project

» New superheterodyne 300-GHz chip set for IEEE 802.515.3d applications,
packaged in WR3.4 waveguide modules

» Broadband 300-GHz power amplifiers with state-of-the-art performance

= QOutlook: Ongoing and future work

» Further development of chip sets and packaging concepts/technologies for THz
communications
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Thank you for your attention!
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