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AFw3CIE TStudy on dielectric response of glass materials in GHz-THz band for next generation communication applications (YA
WIS 72 GHz-THz #1230 5 1 7 AMBOFEICEITH T D098 | LELT, 6 ErbER ST

% 1 % [General Introduction| CiE, &HfLHE{E (Beyond 5G,6G) [} 75 B IRIAAEHI KD B2 —HRAO 72 R0E & FREIZ
DWTHRA, FFERE, FHERK, M, mEWE, BYE, 2 X VEOBRN O FERBEMMEIE LT 7 AMEIR DD 2 L%
AL 2720, EROEE TORIABEE STV B EET (100 GHz #84) O ERHIEICET 2 MmEITREZD 2, U
T ARE O RSy M 13 e T HR R S ATV D DI TRV, 100 GHz #41 O AL D IR 2 BiE 3 2 7291213, GHz-
THz #OBEFFERZWE - T 5 L REETHLZ L AR L. £, WitEEHINZ LT 5 ECHEE T A
AD 1 OIJHBE T A VI BDY, FERERCER Y — 2B LI~ 7 u X N v T T T A NVE B TH
D2 EamLls. b &k 272 BT, GHz-THz W OBRFEREIE « T2 FIEEML L, RERZRT T ZFEHT
BIL CTHRESHEEAZ A O NI T2 L & bIZ, I ARMEEZ W AEE T V2 238 ET 52 L2 KMo E LT
~LTz.

%5 2 % [Development of Measurement System for Complex Permittivity in GHz-THz Frequency Range] Cl¥, THz #OEEHE
FMEIDHZ Y TV AR —=BHEHTHD ERL, TITYHHEY TV A—2 T RAT KA L7z, SiTios H
R AT & L THWIZIERRIE, BB L2V AT 408 121 THz QAR THANITH L Z L ERB LTS, F
7=, TV REEIEES B L T T Y N U T A= R R T D 2 & T GHz-THz #1281 54 7 AEOFH
ERHEDRIE RIS IR o T 2 & AR LTz,

%5 3 % [Effect of Network Modifier on Dielectric Response of Silicate Glasses in GHz-THz Frequency Range| Ti%, 77 A4k}
DOREEMERLFEWIEE AL S B HEMA 2208, 7 A BT T A0 GHz-THz i OFFBRHEIC 5 2 2B OV TRAE L. 7
NA N A WA 7 AT, 1~9 THz OFIRCTHERME R L, ZOEMD GHz W OF BRI BEL L2522 RAHL
7o E72, SFEIFECRY SRKER T TOAL A OB A L, 1-9 THz OWBIZI T SFEEMORIEA T L Y
BJRA A DZOBFEY L A MHOBBIC L 20D THD 2 LEWBMNI L. £z, GHz HITBW THERLIMENY
T AERD DI ERIZFEFEOT NIV BJEA A B LB/ NREAEED 2 ENEEZ LR LIz, £z, HT7 AT
CHBREOT VA ) &BtREERSEL LT, TANVERA A OF A MEBBOHEEZMG L, GHz #HOFEER
REBRTEIEDZENRAETHLEWLI L. —JF, T EEERA AL T N0 ) &RA AV RO ZF
EREIC G 252 L ER LT

% 4 & [Effect of Network Former on Dielectric Response of Sodium Silicate Glasses in GHz-THz Frequency Range | CiX, 77 &
DO ZEZASED S 5 1 DOWMRERTH HMATERA A 5 GHz-THz i OFERHEIC G 2 2B OV TRAE LTz,
F RV T AT AR T ARO Si A A D—EE Al A A0 B A A NS EB LTZ8A O GHz-THz # OF TERHE 2 HIE L
THz # OFEBR RS BRI OREHI LR THEMT A Z L 2R Lz, £, THZ WOFHERLOE—7 FREIT Al A A 1@
Had 2 SARAEWANZ, B A A UNCEBRT D @AY 7 b2 L EEERL. MEOENE N T AEEN LA L.
F7o, GHz W CRFFEBEON T A 2B H72DITIE, AlA AV K BAA U EGHLIEFRRNWI L &R L.

% 5 % [Fabrication and Evaluation of Prototype Filter Device Using Glass-Ceramic Material | CiZ, WARG@IE 01T D JE M 7
ANBTNRA AL LT, HTARMEZFERE LTHW YA 7B A N v T I3 T 4 V2 ORIEEIToT-. WEDOTZ
A D EROURERIFEIL+100 ppm/K F2E Th 0 JEEE T 1 V2 O ELE LTS TIXe0 D, SFEFRORERENATSH
HLNTIVFERE N T AR TS5 2 & T, H&HEIIZ2.7 ppmvK & B 2 iBEREUSITVVEERL Y T A ORISR A
L7z, Fiz, REREO/NERREMET 7 AEREAWT IV EHORER T + V2 2ER L, HABERMI, 74104
B DIREZC BN e T A AL D Z L AR LT,

% 6 ¥ [General Conclusion] T, FHETEHEOLNIZAEEZRIE L Timad iR XT3,

ING B DITKGRLIE, GHz-THz # OFERIEOREFIEZIE L, ZNE TRMTH -7 GHz-THz HDH T A
BIOFERFEORIR L MII T 5 & & b, BBEET I AMBOREFHEHEZ R L2 bDTHS. £z, BEET 4 V7 23 UE
T2IET, WIARMENREAEEERISHTEDS I LEFHLLE LD THD.

% MSCE R, P13 2000 F & $30 300 FFA 1BTO®RMT 20, b L <IFHIL 800 74 1 HHRH L T 7230y,
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In this study, the dielectric property of glass in GHz-THz band was investigated.

In Chapter 1, the characteristics of dielectric substrates required for next—generation
communication were reviewed. Glass is the candidate material for next—generation communication
because glass materials have high quality flatness and low dielectric loss. However, dielectric
properties of glass material in the GHz-THz band have not been clarified.

In Chapter 2, a terahertz ellipsometer was developed to measure the dielectric properties in THz
band. The complex permittivity of glass materials could be measured using both the developed
ellipsometer and terahertz time—domain spectrometer.

In Chapter 3, the effect of network modifier on the dielectric property in silicate glass was
clarified. Measurements of the dielectric properties of glasses in the THz band and molecular dynamic
simulations indicated that the dielectric dispersion in alkali silicate glasses is caused by the
vibration and migration of alkali metal ions in the glass. Moreover, it was found that the influence
of alkaline earth metal ions on the dielectric property is almost the same as that of alkali metal
ions.

In Chapter 4, the dielectric properties of sodium silicate glass with Al or B were investigated.
Due to the difference in the peak frequency change of dielectric loss in the THz band, Al ion
significantly raises the dielectric loss in the GHz band, while B ion does not significantly change
the dielectric loss.

In Chapter 5, a prototype frequency filter device which is one of the applications of dielectric
substrates, was developed. To obtain a dielectric substrate with low temperature dependence of
dielectric constant, rutile TiO, was crystalized in glass. The glass—ceramic substrate with low
temperature dependence was applied to a microstrip line filter. Consequently, the filter device
operated at a frequency of 30 GHz, and the temperature dependence of the device characteristics was
found to be remarkably small.
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