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Terahertz doubler design based on Schottky barrier diodes
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(a.Institute of Electronic Engineering; b.Terahertz and Microsystems Research Center, China Academy of Engineering Physics,
Mianyang Sichuan 621999, China)

Abstract: Solid-state doubler is the crucial component in terahertz source application. How to make
use of nonlinear devices to improve the conversion efficiency of terahertz doubler is the key to design
terahertz solid-state circuits. Two design methods of solid-state terahertz doubler are introduced and two
different topology structures of 170 GHz doubler are designed. The direct matching method and the
transmission mode matching are employed respectively in the two different 170 GHz doubler topologies.
Based on the two structure models, 3D finite element simulation and nonlinear harmonic balance
simulation are carried out. Simulation results indicate that the conversion efficiency of the doubler is
above 15% and the output power is up to 7 mW within 160 GHz-180 GHz output frequency when driven
by 17 dBm input power. Simple comparison and analysis are made between the two doubler structures
designed by two different matching methods, which lays foundation for the future terahertz doubler design
and research.

Key words: terahertz; doubler; Schottky barrier diodes

K 2% (Terahertz, TH2)JEZFE W ELE 0.1 THz~10 THz JE BB R RLDE , EAERK B S Z K% (T Z K HEE
G, MAER DB SLLAMNRARE G, I nT UL Kb 2% I B AE RGBS v o5 A RR R O . BEE KPR R, K
28 A S I T SR W R, fE A . B AUR MUK L AW ST A AR R A R M i
Bl R 25 B AR, YT 20T A DR 1) 2 R 2% U R) A ] A v R B AR R R A R ) SR AR 1 K 2% TR Y — R
FEEIRAA, RANE PR B As e i 5, SRV R . Ak, B WA A ML ER R E TR =K
I ] 25 R 52 B OR BR 22 TR A I 5 . L1 SCik [2]+h Porterfield David [ BAHRIE 19 W 3% Be A i s 3 dB 4 %5k 17%,
I RACRIR ) 48% . SCHR[3]4 A 1Y 185 GHz [ A& 54 #% , 76 16 dBm [ A DRIk 8 T , 540 fit #6 h 16.8 dB~
22 dB. SCHR[A]3RIE AY 0.14 THz £ 45 %5 09 1% 55180 %3k 10.8%.,

ARG 2 P I T 1 FR I A I S KR 2% A5 AR 1 SE B ik, IR BT T 0.17 THz 544y, 2 #
SEER T A B RSB T A AN AR 3 dB A S5 KT 20 GHz, AR A F] 15% 45 A, BT BT RO a8 K
R 2% P 8 30 RN AR AR It A 9% A% 4 B 21T
Wi EHY: 2014-11-11; {&EIHH#E: 2015-01-06




692 AMZBMFERFRERFER %13 %

1 ZHREBXEMRE N

|
T as R T R 2 T AR R, AR 2 YGRS 5, U + 22 ] +
PRA5H A R A B R RSB R Z R, vs2
AN BE A AR I R D AR A AR A S B L SR 22 R R B P A -
+
Uy/2 +

A

4y T LR 6 0 0 0 g S 2t 0SS 5 2 0 4 - R -
AR TAR AN A 1R o +

BRI SN Us, MR A 1-U Rt Jl 212 '| vy

iy =1 (exp"‘“s —1) I,
. . _au (1) Fig.1 Schematic of balance even doubler

i, =i, (exp ™ -1) 1 VB UR R

Tt B A A LA -

i, = (i, i) = 2i(cos h(aU, 1)) (2)

W b AT B BRI
i, =i(21,(aU) — 2) + 4i (1 2(aU,) cos 2wt + 1 4(alU,) cos4wt) + - (3)
e WG HER: WM, i R RO R . 3R BIAE 0 A8 b 7 A A S S0 Il AT 3R 1% R IR Y
PRG0S A A ) T RN o B AT U, SR U IR U IR A R
2 2MEmRRITAR
21 BEFEWERNTUNERS

B T AL f U b B P A A% 4% 3D HLBRZS M N 2 Bt as o BT BR AT 4 Dy 3 IRy s S 1A A
P P VE RSB s 5 2 300 D B B O S R R A A 5 2 3 R D U O PR U DA

backshort
Es TEo
mode

input waveguide

output waveguide WR5 input waveguide
\ WR10

reduced-height
waveguide l

suspended
stripline

matching
network

(a) schematic (b) structure model

Fig.2 Doubler based on the transformation of transmission model
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Fig.3 Simulation results of input and output matching
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Fig.4 Simulated design of out probe
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Fig.6 Doubler based on high-low impedance filter
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Fig.7 Simulation results of input probe
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Fig.8 Simulation results of output probe
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Tablel Terahertz doubler based on Schottky barrier diodes

method fIGHz simulated efficiency/% stripline substrate width/um substrate length/mm
1 160-180 15-18 suspended stripline 520.0 2.95(not including DC filter)
2 160-180 12-14 shielded microstrip 280.0 4.4
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