C-19

2008 2010

Study on high performance circuits using nonlinear metamaterials
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This study investigates composite right- and left-handed (CRLH) transmission
lines periodically loaded with Schottky varactors to examine the fundamental
properties and potential applications of nonlinear metamaterials. The analytical
properties of nonlinear pulses in the line were first obtained by the reductive
perturbation method, which were confirmed by several experimental measurements.
In one dimension, we succeeded in the observation of solitary waves and their
resonant interactions, while the self-focused pulse was clearly observed in two
dimensions. A method of the wave amplification using traveling-wave field-effect
transistors were newly devised to widen the future fields of applications.

11,400,000 3,420,000 14,820,000
1,400,000 420,000 1,820,000
1,700,000 510,000 2,210,000

14,500,000 4,350,000 18,850,000

1968 Veselago



30

2001 Smith
2002 I'toh
Eleftheriades
Composite Right- and
Left-Handed Transmission Line CRLH
CRLH
CRLH
1972 Hirota
LC
1990 Rodwell
GaAs
LC
ps (= 10 )
Hasegawa
Nonlinear Schrodinger NS
NS

NS

Supercontinuum SC

CRLH

€))

@

PCB
®

20

€Y)

CRLH

CRLH

20 22

CRLH

CRLH

Print Circuit Board,

CRLH 21
CRLH 22
20
CRLH
CRLH
21
CRLH
22
CRLH



' |||I ]

| rlih-_”ﬂly

it
hawm
avall derel

—ll--lh—"u'.il'
!

Targs [Pl
e P [ et diE]

I e |10 by

Wl

h
e f.!'lll- s
' any i |Irn-u- LT L]

Ludiar: |HETL AR

B | R

L H
-';II
I' ' drsare:
lar=s-leral

1m:2 [2E peedl=]

CRLH

Frejugncy (G100
Videpr

n W rumbs [raicll] =
fup

2 1

@1 CRLH

®

ik
il
if!
) -
= || I akniareid
wriallal=ral
“Fivw | lmienbir)
(L1}
4“
- ) i
1
II L laledt
larwelraal

Trae [U =il ]

FlhE oy

miss ~a} | & e

Teflzuing |

(4 f =0l da

CRLH

* ¢ nav *' ¢ Ry
il
v
2 =
2 2
- - +
() (I |
il Time |a%] i 4] Tiire [0z 00
] B
el
i
A —
i
| el In
if)
e
I
...-
18
ar
vo—
B
{h]

ar=0.05ps it r

4 2

(4)2 CRLH




€Y)

@

®

Q)

®

©)

Q)

©))

28
K. Narahara,
characteriza-
tion of nonlinear pulses in coupled
Schottky  transmission lines,”
Progress in Electromagnetics
Research C 21, pp. 143-153 (2011)

“ Experimental

K. Narahara, “ Nonlinear
traveling-wave field-effect
transistors for managing

dispersion-free envelope pulses,”
Progress in Electromagnetics
Research Letters 23, pp. 29-38 (2011)

K. Narahara, “ Collision of nonlinear
envelope pulses in composite left-

and right-handed transmission lines

periodically loaded with Schottky
varactors,” Progress in

Electromagnetics Research C 21, pp.

1-12 (2011)

J. Ogasarawa, K. Narahara,

“ Self-focused pulses in composite

right- and left-handed transmission

lines periodically loaded with

Schottky varactors,” Progress in
Electromagnetics Research Letters 22,
pp- 29-38 (2011)

K. Narahara, “ Experimental

observation of pulse-shortening
phenomena in traveling- wave field
effect transistors,” Progress in
Electromagnetics Research Letters 21,
pp- 79-85 (2011)

K. Narahara, “ Characterization of

short- pulse generation using
traveling- wave field effect
transistors,” Jpn. J. Appl. Phys. 50,

pp- 014104-014109 (2011)
K. Narahara, “ Generation of short

electrical pulses using nonlinear
traveling-wave field effect
transistors,” IEICE Electronics

Express 7, pp. 1474-1479 (2010)

Interactions of
developed in
mission lines

K. Narahara, *“
nonlinear pulses
coupled  trans-

©®

(10)

an

(12)

(13)

(14)

(15)

(16)

an

regularly spaced Schottky
varactors,” Progress in
Electromagnetics Research Letters 17,
pp- 85-93 (2010)

S. Nakagawa, K. Narahara, “ Charac-
terization of left-handed
traveling-wave field effect
transistors,” to appear in Proc.
2010 Asia-Pacific Microwave Conf.
(2010)

K. Narahara, S. Nakagawa, “ Nonlinear
traveling-wave field effect
transistors for amplification of
short electrical pulses,” IEICE
Electronics Express 7, pp. 1188-1195
(2010)

K. Narahara, “ Coupled nonlinear
transmission lines for doubling
repetition rate of incident pulse
streams,” Progress in
Electromagnetics Research Letters 16,
pp- 69-78 (2010)

J. Ogasawara, K. Narahara,
“ Experimental characterization of
left-handed trans- mission lines with
regularly spaced Schottky
varactors,” IEICE Electron. Express
7, No.4, pp. 608-614 (2010)

K. Narahara, “ Dynamics of
oscillating pulse edges in
two-dimensional  switch  lines,”
IEICE Electron. Express 7, No.4, pp.
314-319 (2010)

K. Narahara, “ Characterization of
two- dimensional transmission lines
periodically loaded with electronic
switches for generation of short
pulses,” Jpn. J. Appl. Phys. 49, pp.
014101-014106 (2010)

K. Narahara, “ Characterization of
nonlinear transmission lines for
short pulse amplification,” J.
Infrared, Millimeter and Terahertz
Waves DO1:10.1007/s10762-
009-9597-0] (2009)

J. Ogasawara, K. Narahara, “ Short

envelope pulse propagation in
composite right- and left-handed
transmission lines with regularly

spaced Schottky varactors,” IEICE
Electron. Express 6, no. 22
pp-1576-1581 (2009)

K. Narahara, “ Amplification of short

pulses in  trasmission lines
periodically loaded with Schottky
varactors,” IEICE Electron.

Express 6, no. 16 pp-1199-1204 (2009)



(18) K. Narahara, “ Characterization of
one- and two-dimensional switch lines
for controlling traveling pulses,”
IEICE Electron. Express 6, no. 11, pp.
769-773 (2009)

(19) S. Nakagawa, K. Narahara, “ Charac-
terization of left-handed
traveling-wave transistors," IEICE
Trans. Electron. E92-C, no. 11, pp.
1396-1400 (2009)

(20) A. Yokota, K. Narahara,
“ Characterization of oscillating
pulse edges 1in switch lines for
development of widely tunable
voltage-controlled oscillators,”
Jpn. J. Appl. Phys. 48, 084502-084506
(2009)

(21) K.

Narahara, A. Yokota,
“ Experimental observation of
oscillating wave propagation on
switch lines for generation of
continuous electromagnetic waves,”
Journal of Electrical and Computer
Engineering 2009, Article ID 816806,
4 pages (2009)

(22) . .

CRLH
) 108, No. 256,
pp- 35-40 (2008)

(23) K. Narahara, A. Yokota,
“ Experimental characterization of
short pulse generation in switch
lines,” IEICE Electronics Express 5,
no. 22, pp. 973-977 (2008)

(24) Y.Suzuki,S.Nakagawa, K.
Narahara, " Non-
linear plasma waves 1in coupled
two-dimensional electron systems,”
Jpn. J. Appl. Phys. 47, pp. 8756-8760
(2008)

(25) T. Nakamichi, S. Nakagawa, K.
Narahara, “ Management of
spatially-localized pulses in
two-dimensional composite right- and
left-handed  transmission lines
periodically loaded with Schottky
varactors,” Jpn. J. Appl. Phys. 47,
pp-6583-6587 (2008)

(26) K. Narahara, Y. Suzuki ,
“ Characterization of plasma waves in
gated  two-dimensional electron
systems," J. Appl. Phys. 103, pp.
023301 1-4 (2008)

(27) K. Narahara, A.Yokota,“ Full-wave

analysis of quasi-steady propagation

along trans- mission lines

periodically loaded with resonant
tunneling diodes,” Jpn. J. Appl.
Phys. 47, pp. 1126-1129 (2008)

(28) S. Nakagawa, K. Narahara, “ Charac-
terization of two-stage composite
right- and left-handed transmission
lines,” IEICE Trans. Electron. E91-C,
pp. 631-637 (2008),

15
@ -, .
, 2011 3
17,
) , 3
FET )’
,2011 3 17
®) s
) MW , 2010
9 11
©) o
MW ,2010 9 11
®) 7
, 2010 3 15
(6) 7

Q) 7

(®) , 7
, 2010 9
17,
©) , 7
, 2000 9 19
(10) . ,
CRLH
,2000 9 17
(11) . 72



(12) , )

(13) , " RTD
, 2008
9 18
(14) ” CRLH
,2008 9 16
(15) L
CRLH
EMCJ/MW , 2008 10 28

(1) K. Narahara, InTech Press, Wave
Propagation in Materials for Modern
Applications, 2009.

http://teraele.yz.yamagata-u.ac.jp

@
NARAHARA  KOICHI

00422171




