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A SCiE T'Study of Resonant-Tunneling-Diode Terahertz Oscillators for High Frequency) (L& k> L& A
F— RT T~V RIRFEF OEEBAGICET 2458 LB L, 3536 EbEIND,

% 1 % llntroduction] (FFam) Tl, AFIEOE R L. D HIYK OGRSLOMERIZ OV TR~ T, HEi
EIEDOHRRNNLIET DT T~V (THZ) EIR AR DWW T, B S Dk & 2200 & BITERFSE éz}/bfb\é
il 2 DFCIFUZHOWTHEBL L 72, FRICEIR CTEMET 5 2237 M2RORIROBRFE S & F e S 2 81T
HEEZLN, TORTHILE N RLZ A 4 — RRID)EIEZFITH N22EMTH D . AT THz
B OIS RICH 72 RTD BiRFEF O A ba BAY L L,

% 2 % [Proposal of structures and fabrication process toward high frequency oscillation] (& & RALIZmIT 7=
G L ERL T n v 2 DFER) T, InGaAs/AlAs @ 2 HEREERE 7 RTDIC A v T /77“%?:%%3 L
TERIBERFIZOWT, FRT ot X L GEBLOTZ D OREZRE LT, @SEBLD7ZD :t EJ%E*—
FERER (BB T O ISR TEREI] & 222 g aBATIRER]) & SN AL IRF ] (ﬁri%??%@ﬂ#ﬂi%l) MR
FEREF OEINE, R OT T RO E T T T REKOHBNA ML ETH D, HEIREITIC LY 2 THz L/LL
DFIRIC LB IRIEIEREH], 7 o7 TR, KO 7 FHRICxHT 2582 6 Lz,

% 3 ¥ [High-frequency oscillation with reduced dwell time] GH{ERFRERGIC L 2@ EE L) <k, #E
B & T RIS AE R R OSBRI K D RTD BIRHR T O @Bl b 217 > 7=, B&TH I 2R L
THILT, BRROTFILF—IENEM L, Z DT 3L X —IEI S U C B GE i £ R 5 23 4 e
Shd, BbETEFHAEBICHEIBFEEED LR AMET L7200, ROWEFHF L AT v 7=
v BREEDEAZIRR LTz, FBRTIE. In#A 0.9 @ InGaAs |- &L ATEWEFFH 7 & InAlGaAs D AT v
TEI v X EFHORIDIZEY, 2Ly 52/{%‘3‘%}?6 nmIZBWTETHTEEZ 3 nm 75 25 nm |
HELT 52 LT, IIFEEL 04V ITIXITHERF Lo E £, IR LIRS A 1.29 THz 5> 5 1.47 THz a:
RS, BRI X DI Efﬁ(ﬂﬂ"ﬁ%ﬁ%ﬁ%@xﬂ%%é@ﬁ L7z,

%5 4 % [High-frequency oscillation with reduced transit time | GEfTREREIFINEIC L 5 @ L) TIL, =L
7 B AR BEORECIZ L - T, 2228 OEI TR & % 1&{)&@54 ut RTD 4R 1 D m)H
Bk xIT 572, X“\—%Ef%ﬁ I3 2 EAEITREMIZEME T2 23, 22T A BT L D MR IE R A3
MF 2720, mEEEDT= 0 iXA—%)@F%Wﬁfm‘éM%h&)é %T&LKEH{EZ@‘C@X/\»—%E
JEAAFIE DT 21T > T Z n%:;%umb\ FEFE 3 nm 2B N T AN—YEEZ 25 nm H b i Cd 5
12nmiC$ 5 Z & T, L1THz 705 142 THz ~DO %R EIRJE I EH-2FBL LTz, E72. Z OFEBRE R
DEMRBIEREH Z 8 L. S E W ERE & TR T 5 2 L IC kD ZNEhoBE R HFE 3
nm ’C“&iﬁ%%fﬁ’(“%é ZEEHLMMI L,

% 5% [Structure for higher frequency and estimation of oscillation characteristics] (= & 72 2 /& J& LA
ck%%%)ﬂ#fiﬁ%*) X, B3 L 4 ECRHIA AT o T ITEREH] & %??H#FEJOD%%”E’{K%#E?%AE}O@ S
DIZHMBBRIERE OFEME, 7 > 7 T REOEME LR T 7 FHREOHIEZ I 2 12 G172 @ E ki on
T, BRMREEDORSE, IR EIREEEO RS 0 . KOFIUTIT 7o R 21T - 72, SNTIEIE
FIfEIZIX, RTD @ InAlGaAs =X v % R—T @D/ L7 it & f*%?i{smmi D EHLOHIE AT,
INOEYIER LT EREEARE LT, 7T T REEMRIIOWTIL, ST X 0 HIRER S ERT D08,
[FRHZ T > 7 T OBRIBRIHEINT 5720, %‘éﬁﬁkﬁ&ﬂ&iﬁ#ﬂfk&?&éﬂfi@? YT T ENTEET 5,
Fio, T T T OBEEBRHIEICOWTIE, =7 7Y v U RO InGaAs J8DFrE, 7 v 7 FEMOIEEL,
B, T T EMEMNROENOIR~NETTHZ ENRHRNTHD, NOLEMAEDEDZ LICK
D2 THz B2 DRIENARETH H, TN E TOREMKE (BEFHTE25 m, AX—HE 12 nm) %
A L72RTD, #ik (12um) O7 > 7+, EO=T 7Y vV FO InGaAs BDOFREE TrlAs bt
TERIRFAZERL L, 1.86 THz OREIEZEH LT,

% 6 % [Conclusion] (ffiam) Tldk, AHIZE TR HAVICER 2 #0dE L7,
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Thesis Summary (approx.300 English Words )

The terahertz (THz) frequency range has recently received considerable attention
because of its numerous applications. Therefore, the purpose of this study is
resonant-tunneling-diode (RTD) THz oscillators for high frequency to realize a compact THz
light source for THz applications.

The oscillation frequency limit Amt can be increased by reducing the total delay,
which consists of the intrinsic and extrinsic delay times, and antenna length and loss. The
intrinsic delay time is composed of the electron dwell time in the resonant tunneling region
and the electron transit time in the collector depletion region. The extrinsic time is caused by
parasitic elements such as the capacitance and series resistance of RTDs.

The mechanism to reduce the dwell time by reducing the barrier and well thickness
1s discussed, including a reduction in the bias voltage with a deep well and step emitter
structure. A decrease in the intrinsic delay and increase in the fint without an increase in the
bias voltage were experimentally achieved.

Although the transit time decreased with a decrease in the collector spacer
thickness, the capacitance and extrinsic delay increased. Thus, an optimum spacer thickness
exists. The fint increased and the total delay decreased with optimum spacer thicknesses. The
dwell time and transit time were extracted from the dependence of the intrinsic delay time on
the collector spacer thickness.

An oscillation frequency of over 2 THz is possible by combining a thin well and
optimum spacer, reducing in series resistance of RTD, using an optimum antenna length, and
reducing the antenna conduction loss. The Aimt achieved as preliminary experiment is 1.86
THz for the well and spacer thicknesses of 2.5 and 12 nm, respectively, with an antenna
length of 12 pm without InGaAs under the air bridge.

The possibility of an RTD oscillator for exceeding 2 THz is thus expected. Therefore,
the RTD oscillators are expected to be a promising THz light source for many THz

applications.




