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Research progress of InP-based resonant tunneling diode terahertz oscillator
and its various applications
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Abstract: Compact and coherent source is a key component for various applications of terahertz(THz)
wave. Resonant Tunneling Diode(RTD) has been considered as candidates for THz oscillators under room
temperature, because it is the electronic device with the highest oscillating frequency at present. RTD THz
oscillation is of great advantages of compact structure, low power consumption, room temperature work, a
certain output power, easy integration, wide coverage and so on. The output power of InP-based RTD THz
oscillation could reach hundreds micro-watts at around 600 GHz. Up to now, the oscillation frequency is
increased up to 1.92 THz with 0.4 pW output power. The output power of RTD oscillators can be directly
modulated with bias voltage. Because of this property, the RTD oscillator can be adopted as a compact and
simple source for high-capacity wireless communications which is an important application of THz waves.
InP-based RTD THz oscillator is attracting more and more research interest currently.

Keywords: Resonant Tunneling Diode; terahertz source; oscillator; terahertz communication

IR 2595 (0.1~10 THz) ik 5 ) P4 S35 A e S GE A5 L AR P00 AN A= ) B2 218 W 45 Ul B 32 1 g i 5%
B R 118 RO 2% VRS I Y A S it T RO 2% I A R AR TP AL T K LT A R, O T
FEF W R T OG22 00 7 B R AT L A IO 2% R A o AR B o A8 (RTD)J2 H i 9% 5 M543 B ey 19 HEL 1 2
EP), InP JEKBF2X RTD PR E B A 454 505 . ThREMR . IR T/, A—EWm MR, BEm . B E0RE 5%
a5, InP FE KB 2% RTD R % Ui 7E 600 GHz 22 A7 (445 BE P4 4 HH oy 5 ) ok B 1 BC B ™), o DL 4R 3 114 % i R 397 A9 %
N 1.92 THz, HiHio%R 0.4 pyW™,

RTD Kih2Z 4% IR 7E THz-WiFi. KBF2ZAHHL . J0 00 88 5 Sl {5 . Kbk 2% 30T R 88 &2 b il 15 46 el b A AR K
(5 PV 1, B B AT AR . AR L B E L BRI ST AR R 56 T InP & RTD Kbk 25 4R % # i i 5 214,
2015 FE BRI & B 4 S FE “HBF £k 20207 /Y iBROW(innovative ultra-BROadband ubiquitous Wireless

KisBHER: 2016-11-24; {ERIHE: 2017-03-15
EETH: BlEPkig L



2 AHZBMEERTFERER H16%

communications through terahertz transceivers)it %I #F 57 F) Fil InP JE RTD 4i& 3% U5 52 P57 88 T8 417 Kk 2% w5 i 15175
= M B AT JT R InP 5 RTD #R35 #8058 A B0 E B R MW BE i R4 5 KRBk 2Z o8 ot L R Tl K2 e 13 7
R RS . il 55 PSR, HEZ A T RTD & 4F BIE L WF SRR & (0 BB A58, M OC T RTD 4k
PRSI B D, BE NIRRT IEA IR InP 3 RTD K55 22 Ik & 5 B9 5258 F0W FH 057 .

1 RTD #RZHEEFEHRIR S 5RIE

RTD 2 5 dk 7 4R B 28 8507 1) — 90 o 671 BEL 28 0, DGR 28 B ) AE KA e 2, S H i S IR 5 41 32 0 i 1Y
HL 22 1, I RTD G sk 43 o BH O 554 ] S R Bk 22 00 B 1R 3% , 0 ELIR B RTD R #e 945 M ML B,
T DA SE T B2 B RZ R G 45 S ), % JL R A7 {7 22 40 #r o

B 1(a)E 7~ T RTD 4R35 #% (I FEARLER , RTD #8107 T-2E B K2R iy b [a], 4% B K 48 BE m 4 — il PR 48 T hl
HRE DR B GRS F R AEMIRGE SR H L. B 1(b) B T RTD #F 1 I-U F5 1 i 42 F IR % 2
KAR AR, A RTD B 66l B 5 KR AT LR % %, k3% a8 AL S8 i B & 1) s, Ak
H 7% & RTD 4 fil vl BHAF 27 A4 S8, PR 45 1 2006 A2 B il 2o vl 5 1) A o K A B R 2 I S it FE Pl 2, D
G>Gro WRGMFEFERE PR L MR e, Hh i L R A RL, 5 C REIE [ KLHM RTD.

SR BT SR B K IR T a0 SR U 1(d)T /R, RTD #e{Ff s M S B 7E R 2 A sl b, 7 R m
s B R E A, HEFEE SiO, J2 . RIS AhEs A, AT SE 0 A ] RN B R S, SRR R LR A K
SE YR T A, H B I B R K 1 T iy L 0 S A0 e L B S B IR (2~3 GHz) W A Bk . RTD #5144 AL 4544 —
PR WL 2 B AR 1 B 25 4 (ALAs/InGaAs/AlAs), BRI fll Aw/Pd/Ti BT B, PR35 2% RTD (1 0 i L 3 2%
JEE A T A — %4 0 T kA/em® AT pm® B R

output radiation

slot ()

antenna
RTD(GalnAs/AlAs)

resistor to suppress
parasitic osc.(Bi)

(b) RTD

Iye resonance
+ . level
Al —Gy emitter |
YA collector
AT
Uy

Fig.1 (a) Slot resonator and RTD; (b) Potential profile and current—voltage characteristics of RTD; (c)
Equivalent circuit of slot resonator and RTD; (d) RTD oscillator integrated with slot antenna®
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Fig.3 (a) DC I-U characteristics of the RTD; (b) Photograph of the RTD transceiver module; (c) Operation of the RTD with OOK modulation scheme!'®!
[l 3 (a) RTD ) 1-U K2k ; (b) RTD K GTASEHIE 5 (c) RTD 7= Al (4 555 21

2016 4, B A 50 Tl K% Naoto Oshima 4|8 T & T InP 5& RTD ¥ % I & 5 1 490 GHz Jo &k {5 R 41,
R E (A 4(a) TR ) Z B % SR ARGE B 28 L, Jd a9 i RTD 41 37 Y5 1) O ' R T S 30 545 19 ASK 3]
i, VRS AR S 2R BR T A A B R A 25, Bl AR T A R B R S, DRI R BE AL R
A MR EE R AN I 4(0) TR, 1A 3R B 2 A5 R 3 i A Ok, M YL RS R 1A 30 Gbps B, BREGR
1.3 x 107, fi& T/ 17 2] 5% (Forward Error Correction, FEC)H R ; 48 i 5 5 (0% i o 5 AT Lk 38 4 5 15 5 19 15 Mt 1
AR AR PREAT, B I A% i i T ik — 2D 4

10°

RTD e .

DC bias |490 GHz 104} FEClimit=2x107 ===
26 um SBD !

W b |

lensx2 LNA ks BERT 1070
10"

bit error rate
=
*
[

10%F

0 10 20 30 40 [ i
data rate/Gbps 10 Gbps

(a) b
Fig.4 (a) Experiment setup for THz wireless communication using RTD oscillator; (b) Mfea)sured eye-patterns''”!
Il 4 (a) 490 GHz ELLIBIFREE; (b) EREDABEMAHDRAE ML AL R AT R A AR P )

2016 4F, H A8 bk 24t Tomoyuki Miyamoto %543 T 3£ T InP %£ RTD Y 300 GHz Kik2Z %2, mif%
RGP A RTD AR IR R B 2% I 5 % o $F58R) RTD O UR R G0, RGIT R K 5(a)ffizs, il xf 73 #8 4
I3 P AT BB OR 2 R GE R 70 B 10 1 mm X R IRL G T B R W OSR S, A s s, R
RORRAF . N TSR RE Y (RIBERs 4l) (5 5, #5738 T i /Kb T A T R R R 58, 7 &A1&l 6(a) i
s SRR ANE 6(b) I 6(c) BT as, 5 A & B AR 5 B 23 50 18 pum,8 pm,3 pm, 1 um,0 pm; [ 6(d)HIE] 6(e)
I3 590 0 T 9 RS AR FR G R 8 R AR R ST B SR AR, R LR T S R AR G B4 AR 2 SR RE A o
BB, S R R GARME S B B B, PP M B B A AE S, 19 B TS R o B

3um,

signal HWP -

generator I =

™ | spectrum
.-‘r? analyzer
detector
D 1
RTD C supply |

Fig.5 Reflection imaging system setup and imaging experimental results®*”!

Vel s KL S R TR BT 58 B A R

(a) emitter

RTD polarizer

DC supply




1 3] AEEE:IDPERTD K ZIRZEREN AARERE 5

'_DC supply ]—-Olé HWP _-Z'l

reference
' e " mirror
emitter polarizer
RTD .
sample
‘ ‘ reference plane
4 0 5 IR RRTORE TR N LUTEEs tep height from the reference
u ' 1 Rlllstep number
2-axis stages

1 - l
signal
generator
detector .7 @ Sali;cl;r;:
RTD
DC supply

(@)

Fig.6 Interferometric reflection imaging system setup and imaging experlmental results
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