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The research progress of millimeter-wave power applications
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Abstract: In general, all known applications of high-power microwaves directly use energy to interact with matter. In
recent years, with the development of powerful millimeter-wave radiation sources, microwave technology has gradually
shifted towards the millimeter-wave frequency band. Due to the wavelength of radiation, millimeter waves have several
unique characteristics, which allow for both the active development of existing technologies and the creation of new
ones that require high power or radiation energy. This article provides an overview of research on the application of mil-
limeter waves to solve problems in physics, material science, biomedicine, and others, including heating and diagnos-
tics of thermonuclear plasma, processing and analysis of materials, biological effects, etc. The main difficulties arising
in the implementation of the described tasks are presented, and the future development is also prospected.
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Table 1 Typical millimeter—wave power applications and operating key parameters of power source
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Fig. 3

(a) The CTS system in-vessel front-end components; (b) the configuration of the CTS receiver beams; (c) the location

and size of the CTS scattering volumes; (d) a photo of the 250 GHz gyrotron for CTS diagnostics by Institute of Applied Physics

Russian Academy of Sciences and Gycom Ltd. ; (e) the time trace of CTS raw data; (f) the spectrogram of one gyrotron pulse in

the same discharge during the ICRH heating
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Fig. 4 SEM photos of different samples after sintering, the grain growth of traditional sintered samples was observed only at 1
700 °C when samples were at (a) 1 600 °C;(b) 1 650 °C;(c) 1 700 °C, and (d) 1 750 °C, millimeter-wave sintering, the scan-
ning electron microscope photos of samples at (e) 1375 °C; (f) 1450 °C;(g) 1550 °C;(h) 1 600 °C, the grain growth has been
observed at 1 375 °C; (i) millimeter-wave sintering Y,O, to 1 700 °C for 4 hours; (j) traditional sintering Y,0, to 1 700 °C for 4
hours; (k) millimeter-wave sintering Gd,O, to 1 700 °C for 4 hours; (1) traditional sintering Gd,O, to 1 700 °C for 4 hours; (m) mil-

AT

limeter-wave sintering Yb,0, to 1 700 °C for 4 hours; (n) traditional sintering Yb,0, to 1 700 °C for 4 hours; (o) millimeter-wave
sintered hydroxyapatite (HA) and (p) conventional sintered HA SEM; (q) densification curve of microwave sintering at different
frequencies; (r) the curve of the central temperature and the difference between the central temperature and the surface temperature

of the samples sintered by microwave at different frequencies

B, 11. 6 kW RT3 ™, Iy 25 10 e 4R 7 45 #4528 GHz . 15 kW R iy

HEA 21 22, 22K Dy 25 N7 FH A A4 Rk Ak B 8k
YRS JE , L ARGE 9 TAEMU R 4245 24 GHz .28 GHz,
30 GHz.83 GHz.300 GHz % , TR W JLE KL+
TR . MR 5 T F 0 3 B — = HL AR
B A5 LA B G AR R e H i 7 R AR
B TAP-RAS A GYCOM Lid. 78 I 4008, Py B 1
—RANEAR . WA 5(a) s & IAP-RAS 5 H AR
FF K 2# (Fukui University ) 3 [F A il 19 3£ F 15 kV . 1
AL B R 24 GHz, YR 3K 2] 3. 5 kW 1Y [m]fie 45 P
Bhd 25, B RK, w5 WEHR0.75
T AR R G SR A FL IR B AR 4 o FL U
B AE-5 kV~15 kV BN iR 210 V, il 15
[l i 457 4 D 2R RS BE I E 50 W AN . Ak,
H AR 8 H A 1T 35 1m0 R I8 8 R T e i ¥
BRI RS, RG0S 5 (b) Bt R, B 52 AN [H]
AR [ i A 3l A AT R R A, LR D TR B A
FE A H e [l e AR % A 4 i 24 GHz.2. 5 kW

T SR B R T TAE AR, 2006 4F 1 R
FAEHATH A FU CW 1 5300 GHz i 25 3% 0] Jig &
(Y BEAE 5 T 300 GHz 22 Kbk 312 42 (4
K 5(e) i) iZ R GALSE IR igds TAE R 48 ALk
RO RS Horb, [5E A8 8 ] 10. 9 Tesla
BB , B TAEHL I 16 KV, HLIE 1A, P T4
FL S R/, AT LA 380 32 8 ) a1 Y LR 500 W
3.5 kW ZIAl,
2.2 EBTFHEREUFSERR

A5 B AR s AL 2= S DT (Plasma Enhanced
Chemical Vapor Deposition, PECVD ) J&—Fh 1] F 55 2
TARBIR ARGy I Al 2 SN e 287 T A 3
TR AR TR A AR o TR A B 45 1 - 4 i A 2
AU (Microwave Assisted Plasma Enhanced Chemi-
cal Vapor Deposition, MPCVD ) J& — Ff 1] F 18 5 5
WOR S B TR BT AT PECVD IR . MPCVD 5
FLIR B & 1 PECVD AR LE , BLAT A5 8 1A%



XX 1 BBl AF KU ST 7

~l = SRS
BlS  (a) 3 T4 AR 24 GHz TR 3 kW 1512 [l g 41
P B R LELE 2R GE ; (b) BUBAR [l E g R R S5 (o) 2T
i 455 300 GHz i 1 2 2% 3 kW 3 22 i [T e 48 14 A4 Ak
HARG

Fig. 5 (a) General view of the gyrotron system for ceramic
sintering based on compact gyrotron assembly with 24-GHz/3-
kW; (b) two-frequency gyro-device-based technological sys-
tem; (c) general view of the technological system with the
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Fig. 6 (a) Schematic diagrams of the gyrotron-based system for diamond growth; (b) microphotographs and Raman shift of the

surface of the as-grown diamond films deposited at 50% Ar concentration and at various CH, concentrations; (¢) high purity Si pro-

duced by 24 GHz MMW-PECVD
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Fig. 8 (a) Magic Angle Spinning (MAS) DNP-NMR system; (b) schematic of the gyrotron FDESR system and ESR spectra of
sample powder with different duty ratios; (¢) principle of gyrotron-based RAD spectroscopy; (d) hyperfine splitting(HFS) system;
(e) X-ray Detected Magnetic Resonance (XDMR ) system
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460 GHz gyrotron; (d) the NMR system with Bruker's DNP probe built by MIT; (¢) 200 MHz DNP-NMR based on FU CW IV Gy-

rotron
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(a) Skin-depth (J in mm) versus frequency (in GHz) of a wet tissue medium; (b) plot of frequency versus surface tem-

perature-rise per second for a given EM power applied across 30 GHz through 300 GHz relative to conventional temperature-rise per

second at microwaves (2. 54 GHz) in the endometrial lining; (¢) the experimental setup and instrumentation of tumor ablation,
growth curves of the tumors (controlled and treated) after the irradiation at 107 GHz (left) and 203 GHz(right) followed by PDT
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Fig. 11

(a) Millimeter wave antivirus system; (b) results of 95 GHz irradiating coronavirus; (c) the seedling growth of cabbage

seeds treated with 24 GHz, 600 W microwave for 1 second; (d) the comparison experiment by microwave to treat seeds under dry

and water-soaking
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(a) Schematic view of ADS system; (b) schematic
of ADS on a military vehicle; (¢) active denial of weapons ar-

mored vehicles; (d) burning of skin tissue
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Fig. 13
with the 303 GHz gyrotron; (b) measurement setup of WPT

(a) Experimental setup of wireless power transfer

with the 265 GHz gyrotron installed at 830 mm from the rec-
tenna; (¢) the WPT experimental setup with the W-band gyro-

tron
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(a) Millimeter wave drilling system; (b) internal configuration of the rock exposure test chamber and photos of the

peaked ridged surface ablated away by the 28 GHz gyrotron beam; (¢) scheme of the quasi-optical transmission line for melting rock
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age of Japanese H-IIB and the 109 g model rocket launched in

(a) Thrust generation process; (b) the schematic im-

a multi-pulse operation
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