[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a)
Title(English) A Study on Sub-THz Phased-Array Transceivers for Ultra-Fast Wireless
Communication
oo@a) WANGChun
Author(English) Chun Wang
oo@a) O0:00@0),
oOooooo:0oo0ooa,
O000:00128220,
000 00:20240 60 300,
ooooo:0o0o0a,
OO00:00 00,00 0do, 000,00 00,0000,0000
Citation(English) Degree:Doctor (Academic),
Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 12822[1,
Conferred date:2024/6/30,
Degree Type:Course doctor,
Examiner:,,,,,
oooo@a) oood
Category(English) Doctoral Thesis
oo@a) 00
Type(English) Outline

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

Outline

Acknowledgment

Abstract

1

3

Introduction

1.1 Communication Network History . . . . . . .. .. ... ... ......

1.2 6G Communication Network . . . . . ... ... ... ..........
1.2.1 6G Possible Applications . . . . . . .. ... ... ........
1.2.2  The Features of 6G Coummunication Network . . . . ... ...
1.23 6GSpectrum . . . . . . . ...

1.3 Present Sub-THz Communication Works . . . . . . .. ... ... ....
1.3.1 Present F-/D-Band Transceivers . . . .. . ... .........
1.3.2 Present F-/D-BandMixer. . . . . . ... ... ... .......
1.3.3 Present 300GHz-Band Works . . . . . ... ... ........

1.4 ResearchTarget . . . . . . . . .. .. . .. ...

1.5 Overviewof This Thesis . . . . ... .. .. ... .. ... .......

Considerations on Sub-THz Transceiver Design and Challenges

2.1 Error Vector Magnitude . . . . . .. . ... ...

2.2 FSPL with Phased-Array . . . .. .. ... .. ... .. . ........
2.2.1 Power Consumption and Heat Dissipation of Phased-Array . . . .

2.3 fuax of the CMOS Transistor . . . . . . .. ... ... ... .......

2.4 Antenna Implementation . . . . ... ... ... L oL

2.5 FabricationCost . . . . . . . . .. ..

A Sub-THz Full-Duplex Phased-Array Transceiver
3.1 Transceiver Design . . . . . . ... ... ... ... .. .. .. ...,

3.1.1 Beam Steering Angle and Differential Feeding Signal Generation
3.1.2 Wideband RFPAand RFVGA . . ... ... ... ... ....

iii

11
12
17
17

21
21
22
26
26
28
29

31
33
34



viii OUTLINE
3.1.3 SICChannel . ... .... ... ... .. ... ... ..., 36

3.14 Wideband RFLNA . . . . .. ... .. ... .. ... ... 39

3.1.5 SICOperation . . .. ... .. ... .. .. ... 40

3.1.6  Neutralized Mixer for LO Feedthrough Suppression . . . . . .. 43

3.1.7 LO Distribution Chain and Phase Shifters of the I/Q channels 44

3.2 Board Implementation . . .. ... ... ... ... ... ... ... 45
32.1 Full-DuplexPCB . . .. ... ... ... ... ... .... 45

322 OTATX-to-RXPCBs . ... ... ... ... ... ....... 47

3.3 Measurement . . . .. ... Ll e e 48
3.3.1 On-Wafer TX and RX Measurements . . . . ... ... ..... 48

3.3.2 OTA TX-to-RX Measurement . . . . . ... ... ........ 50

3.3.3 OTA Full-Duplex Measurement . . . . . ... .......... 50

34 Summary . ... 52
4 A Sub-THz Neutralized Mixer with Controlled LO Feedthrough 61
4.1 CircuitDesign . . . . . . .. .. L 61
4.1.1 Circuit Analysis . . . . . . . ... 61

4.1.2 Design Methods of the Sub-THz Mixer . . ... ... ...... 63

4.1.3 Applications of the Sub-THz Mixer . . . ... ... ... .... 63

4.1.4 Simulation Results of the Sub-THz Mixer . . . . ... ... ... 65

4.2 Measurement of the Sub-THzMixer . . . . ... ... ... ....... 67
43 Summary . ... e e e e e 69
5 300GHz-Band Amplifier-Last Phased-Array Transmitter 73
5.1 Phased-Array Transmitter Design . . . . . ... ... ... .. ..... 73
5.1.1  Frequency Domain of the Transmitter . . . . . . ... ... ... 74

5.1.2 Device Consideration . . . . . . .. ... .. .. ......... 74

5.1.3 Widebad PADesign . .. ... ... ... ... ..., 80

5.14 Push-PushSHM . . .. ... ... ... ... .......... 82

5.1.5 LOGeneration . . . . .. ... .. ... 83

5.1.6 4-Way Wilkinson Divider . . . . ... ... ........... 87

5.1.7 On-Chip Vivaldi Antenna . . . . . .. .. ... ... ...... 88

5.2 Measurement . . . . . ...l e e 90
5.2.1 64-Element Module Implementation . . . . . ... ... ..... 92

5.2.2 2D Beam Patterns Measurement . . . . . ... ... ... .... 93

5.2.3 On-PCB Probe EVM Measurement . . . . .. .. ........ 95

5.3 Summary ... 97



A.4.2 Conferences . . . . . . . . e,

OUTLINE ix
6 Conclusion and Future Work 101
6.1 Conclusion . . . . . .. ... 101

6.2 Future Directions . . . . . . . .. ... Lo 104
6.2.1 D-Band Full-Duplexer with HighDate . . . . . . ... ... ... 104

6.2.2 THz Phased-Array TRX withLenses . . . . .. ... ... ... 104

6.2.3 300GHz-Band Bi-Directional TRX . . . .. .. ... ... ... 105

6.2.4 Circuit with Al Technique . . . . ... .. .. ... ....... 106

6.2.5 Interplanetary Communication by 300GHz-Band TRX . . . . . . 107

A Publication List 128
A.1 Journal Papers . . . .. . .. .. ... 128
A.2 International Conferences and Workshops . . . . . .. ... ... .... 128
A.3 Domestic Conferences and Workshops . . . . . . ... ... ... ... 129
A4 Co-Author . . . . . . . . 129
A.4.1 Journalsand Letters . . . . .. ... ... .. ... ... . 129



