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Influence of Filter Wave of Plasma Photonic Crystals with
Tunable Defect Produced by Compton Scattering
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Abstract Using the multi-photon nonlinear Compton scattering model and finite-difference time-domain (FDTD)
algorithm, the influence of the filter wave of the plasma photonic crystals with tunable defect by the multi-photon
nonlinear Compton scattering is studied. The results show that when the geometrical thickness of the plasma tunable
defect is a constant, the transmission spectra frequencies of the defect mode are quickly moved to the high frequency
direction along with the increases of the electric density in the plasma tunable defect by the multi-photon nonlinear
Compton scattering, and its central frequencies nearly are linearly and quickly moved to the high frequency direction.
When the geometrical thicknesses of the plasma tunable defect are increased, the central frequencies of the tunable
defect mode are moved to the low frequency direction by the multi-photon nonlinear Compton scattering. The
thickness is increased to the certain numbers, a higher tunable defect mode frequency than before Compton scattering
is taken place on the upper part of the border of the band gap.

Key words nonlinear optics; plasma photonic crystals; transmission spectra; defect mode; finite-difference time-
domain algorithm; multi-photon nonlinear Compton scattering

OCIS codes 160.5298; 350.5400; 120.7000; 290.4210

1 3 = AW IETF IR B A W17 2 5 BT UG 52 A4

20 242 80 AEAUR L B Join 1R T gk HORIE T Sakal L T PPC B IATA
WA LI Tz ik B S g e ki ve B R AR TR BT AR A R LT B
Ve T R SE I B SR R s e ey SO B R B U — Ot T A G R
TE R N — RS AT, 2008 4F, Hojo  19E. Ming %0 & T PPC AP RFIE. B2 0 T
A1) g 1 A e RO T A (PPO 2, T 0L BCZR IR B I 26 9 1 MR 4 82 00 A, SE B AR ik Ak PPC

PLA FNN

KRB 2011-04-11; WEMEF B : 2011-05-29

BEEHE: WA M-S ARSI H (092300410227 BB PR,

EE®E . B E 970, B, Wi+, Bl H %, FENFFESEH MM . Email: yudingchen@126. com
* BIEBHE Ao E-mail: haodongshan1948(@126. com

1006001-1



i

# ot

AR RN RIS R A S T
RSB AT 3R ARG Ak PPC A [R) 2545 B M. Y 1
L2021 o W A B R I b ] R R A
TR BE 5 W B e A BRBE ) o i e T
Xf I AR AE 1 A ARG A PPC AR A 0 42 1 L 0 HE 1 5
PPC [y B > o X a S50 38 3 42 B s 4
B TARZ S50 5B T PPC AT I U8 R 1k LA B X g
W TE B PR RE A RS, ZE XS AT Bk )2 PPC
UE RS T R BT b, 5 R 2 i 22 O A L e
(Lompton)ﬂiﬁfﬁ B, SEE R WL PPC Ay G ok

K 10" W/em® B & g L F A, dE 4k Compton
ROV TF I W B . AT, 20k F AR Compton
PR R i 3 )22 PPC I I Re 1 1 52 Tkl 2 S e 220 B8 1)
AR SO ) AT TS

2 Compton HIUPF X} U8 I 1Y 52 el
2.1 HBHENBEIMmE

WY = J7 A% 376 0 — 4 /L 7 i (EMW) 5 PPC
R R A 2T AEZ % Compton HUR (LLT fif
FRECT) o B T i 4505

_ Nwo(l—l—ﬁocos@o)(l Bycos 07)

ﬂNﬁwo <1+ﬁ0C05 0) ’ b
myc> (1 —cos@) !
Kt p=1r—v | /Co—1) Rt B p e sk
ZH Y = [1— p /] = (A —Bp)

vy« Nomy sao scoh = 2 43 59 2 HLF 10 6T 5 (1
Lorentz A . HL, ¥ UM §T G 0938 B2 L 5 i 7 [F] B AR
FAME T2 7 1k T L A 6 IR0 % | L2 o
10 B3 B 5 5 85500 Ry IO I L T ORI T8 B
T Je i .00 F 0 g Tk & b T 5 EUR R T
12 Bl J5 ) & i1 R B A o 0T A I A

FL 0 D5 T B R A PG I TR R e = . — o TE
L, WA
_ N(lJrﬁocost%)(l—ﬁfcos@g)71
@e @ 7Nhw, (1+ Bcos ) ‘
myc? (1 —cos )™
(2)

5

AL B 235108 PPC v 5t i 37 98 B2 L H I % B G
Sy oit 5 R R 3 45T 52 1) B Ak
2.2 REBARESEE

W Eo s Hey s Josva 2300 885 #8358 B2 | 4 3%
R JE %%ﬁ%‘ﬁ*ﬂ%?ﬁﬁﬁﬁ%%? E. M AE,,
H, f1AH, . FUAT, sv, F1 Av, 53 51k 8O T
SRR R LA e R S HL R RO R e
A RORE AR R e g &L B EL = E, + AE,,
H,=H,+AH,.J.=J.+tA].ova, = v, +An,., T
S L B IR R 22 43 (FDTD) 55 35 ) B, 37 5 5 A0 B A0
I 3% AR R 4y o

Ef 4+ AE ~

w.lexp(—uw,A) — 1+ AL E! + —=—

O

{ {208 + [exp(—wAt) — 1+ y,Ar]} ! {

20t Aw,
Vb wy

{2vf + Lexp(— v, A) — 1+ uAt]} {20 —wiAt[1 —exp(—y,AD) ]+

[H“ (K +i)— Hy ' (K, —i)]];ﬁ }+

2

[1— exp(— vl,At)j+wg X

Av, At + 20, Aw, [ exp(— v, At) — 1+ vl,At]}Efj, + 20 + [exp(—uA) — 1+ yAt]} ' X

{ZVIZ, — o A[[l —exp(— A ]+ w:lexp(— v, At) — 1 + v, At }AE -+

wp soAz
[AHT"’Z(Kﬁ%)—AHT*Z(KB—%” 2&)[1+exp<—u,At>]AJ } (3)
Hy (Kot 4+ OHE (Kot ) [ (Kot g ) RRTEN KD — DT
{AH’;M (K +%)—MA [AE(Ky +1) — AE! (K@]} 1)

2
]’;‘ ! (KB) +A],’;H(KB) =~ {EXD(— VI,A[)JI;-(KB) +M[1 - eXp(— Vl)Af>]Eg-(Kls) +

[exp(— vl,At)
V] At

Lt AJeonr pe (L) — B (K, >]} {exp<—m,Az)[AJ;<KB>]+

1006001-2



B

J5RE T A o T R A I )R A% T 1A T AR A B D R R

2[1 — exp(— A Jesw, Aw, E* (Ky) +
Vb

2[6Xp<_ V[,AZ) - 1 + A[]S()wp
Vi At
Lexp(— v, AD) — 1 + At Jeyw?
2
WA

B B 2
[1—exp(—uAD e’ AE"(Ky) +

Vb

Ao g (Ky) — VKD ]+

[AE™ (Ky) — AE" (K], (5

A Ar F Az 73 551 g I E] R4S (8] 2D A e S ELAS R
A9 W B Ky N R 28 8 W By, = 5.2 X
10" o1y Ay, = 5.2 X 10" Apo s po = nKyT, i
Apo = An Ky T, +n KsAT, .n. M An. . T, F1 AT, 53
S PR A A R S L L A R
SH R R R HIE L BVA LR pe = po+Apos
ne =n.+An.Toy = T, + AT, . 258 TR R %
AT 3] 2 R R R

2
n.e 1 — ws
na | Yo

2 . b
mygg We T JweVy

wp —

(6)

X Aw, = (An.e/moe)"?
2.3 BESHEWE

T4 B 5 B w4k PPC 4 4y B R 7R 4 1] 1
Ji7R H 6 2 E 6 255 B R Z 1R B
AR Forh A Bz B 3 3 SRR S R A )Z B 3
55F R RE JBE e B S22 1 4T S SR AEL BE 3 3 g e, s
ny Fbang Fd o AN GERLBE PR 5 AE B O 0~
15 GHz, H 58 & 78 10" W/em® (HL 3 58 J& 1&
10" V/m) ¥ UL b R IR S B a =
b=d=1 cm,n,=1.9,w,=3.9 Grad/s,u, =0. 9 X
107 Heo th HOM 31092 BERRESR 30 An, —0. 1,
Aw,=0.1 Grad/s,Ay,=0.1X10" Hz,

dielect plasma defect layer

| | |
EMW cvt Iv)

v 91

]

BT — 2 A0 55 B R G i i B SIS 7
Fig.1 Physics model of one-dimension and
un-magnetic PPCs

BFDTD i+ A = 6 K Ax =1 mm, R4

Courant £, B BUHH[A] 2 K At=2 ps. ¥ PPC %

5320 130 A KRS L 158 25 18] 9 1 i 45 B 5 S A

8 56 42 VT IC J2 WO 340 Bt 5 T R AT 8 e 30 B ik 7 2
(B2 o AR i i 307 ik e i) Rk =X

E () = (t— ST)exp[* (t%gr)]} s

A e= 1500, HR/NITE T ko 9 5 2

D)

2.4 Compton H 5t X i i 45 14 & & N

T R B 2 R S AR I T R AR AR
Bl o AEUSEE TR B 2 0 % ae 4358 O,
0.79 X 10, 1. 54 X 10", 3. 15 X 10" fl 4. 54 X
10" m™ M g S 3% 43 0 O B 2 rpoil SR A R
R SR KL R, BB 2 A, n =
0. DEMY T B, HEMIT G %0 1.1 PPC
A rp R B — AR AR 2 GHz 1Y il b 15 0%
S0 s BB 2 L T A R 0. 79 X107, 1. 54 X
10,3, 15X 10" fi1 4. 54 X 10" m *H}. 7 PPC £574F
e ] PR S IR AR A B R 2. 1,2, 2,2, 4 F
2.5 GHz [y b A 37 S5 0 o A6 SCik [ 10 ] v i 8k
B A — 3 L fle P AT 37 I 0 T 5 o ke s 5 2 T
AR T2 11 FL 2 2 01 384 K 1) o A0 1] S PR A% 3 L 3
T THUHE R Mgk, 5548 W 2 shgRa]
A PPC [ A8 A0 8 JF R oo, HUE & it )2
WEPRAT R A T AR 5 T G 0 RS T I AE
PPC 4544 RosH AN (4% B F 38 2 5 mT 52 30 n] 3
P T 918 U A 1 R IR R

1.0
0.8

g

7 06

2 | ¢

§ 0.4 I' —n=0 il

= : ,,,,,,, nP:0,79 xlﬁolﬁ m-3
0.2 - - -n, =1.564X10" m™3

' il - -m =3.15X 10" m™

> B 16 13
AV 4.54><|10 m-

2.0 3.0 40 5.0
Frequency /GHz

2 IR SE T T I Y OB A
Fig. 2 Transmission spectrum of different
plasma electron densities

B3 it [ 55 B TR R ne = 0. 79 X
10" m?, HD I IR U3y 2.1 GHz (4 % 37 g
A 2 H b R 2R RS2 4 i) Dl RO IS B R
Yfgr g, WK 3 A, g RE R A
FRLE B B 2= T L R B R Jel L R I R 3T TE
AR o {ELHICIRT {68 S5k B 1A R0 S5k s BF S ) R 2 EU T AT A5
Prs . T B G X PPC 23 18] %k FR M 7= A S i

1006001-3



LE E5| i ot
T LR S B AT B v A RS PR e AR AR Sl ol A PO R AL T e BUIR S Y R
B 3T ST 22 1) 1 I8 BB A A S 2 i S BRUE BBESCR 5 25
5 S 24
>
4 % 2.3
3 3 % 2.2
s %
5 2 £ 21
1k © 2.0 | | | |
0 1 2 3 4 5
/I/ \/\ ‘/\/\l Plasma density /(10" m™?)

0 76 152 228 304 380
Cell index

3 B BT AL T R 0 3 B R IR 1 3 R A A
Fig. 3 Electric energy distribution of the central

resonant frequency wave

-7 SR I 2 45 8 1 IR 2 R B AR AR 0 . Bk
Fa )z M % B2 0 B, B 2 JL A R B 43 0
0. 520+0. 620 F1 0. 7A » HABZELIA b, fy 06 A] 45 5]
BRFAR DA R S R OC R A& 4 Frs  Hip si 4k
R LR S R A3 BIXT B 0. 5450, 64, F1 0. 74, B Y
BRI SRR ML, mE 4 W EL,
it oA A O AT 38 i R E 1 3 R I D7 I B Bl . Y
JEL 5 B8N B — G AR I  7E T B A BT R A — A
PR T AL 23 e 1 e A A 3 L 3 TR S G D
FEBRFE 2 T & AR A T VD L BB 2 R B ) g Rl
AR T 55 o A 1 o0 A58 /0 L L HICSE RiT 1 A 4
TR s DT 72 A R 1 488 e A0 48 G50 B R 1 5l . AT DL
£ BHLAR I ke 8 45 1 A2 SR BE L HO AT A PPC 7R T
TR T 0 B PN S B0 e AT R
1.0 ,.
0.8
0.6

0.4

Transmission

02

0 1.0 2.0 3.0 4.0
Frequency /GHz

4 RBA AR B A2 TR B R AL I 1B
Fig. 4 Transmission spectra of different

plasma thicknesses

I J5 75 R B B J2 T TR — I AR X ol B A6
WA 5 T BE OGRS JZ LAl J5 B2
0. 520 » BRFA KL LR S LT B R AN 5 T
71 o PR R RS2 2 43 i) X RS T e e A v
PR GH A TR SR Z . S A, =
12 W FL R R e A 5 1) A B s I A R
L SC A BRI 8 A% 2l S5 EE GBI PR L 3R TR R

5 BRFEAE O I IR TR 5 i AR AR B A
R OCR
Fig. 5 Relation between the central resonant

frequency and the plasma density

3 4 e

i e 8 A0 T S

1) 5 T PR LA 2P AR AR O £
B 4 A B 5 18 V2 1 o 3 2 1
KT A5 T A 305 75 0 0 5 1 o 50
B 2 40P 90 KT ) 2 1 85800 1
Hes B3l

2) 45 8T R U U2 L A L 00
0 i B 40 8K T 1 66 50 1 S 30
PR SN (R A B S WA 7 A
FHOHHHUCR 0 B B

s & X #

1S. Join. Localization of photons in certain disordered dielectric
super lattices[J]. Phys. Rev. Lett., 1987, 58(23): 2486~2489

2 E. Yablonvitch. Inhibited spontaneous emission is solid-state
physics and electronics[J]. Phys. Rev. Lett., 1987, 58(20):
2059~2060

3 M. Bayindir, B. Temelkuran, E. Ozbay. Photonic crystal based
beam splitters[J]. Appl. Phys. Lett., 2000, 77(24): 3902~
3904

4 Ouyang Zhengbiao, An Henan, Ruan Shuangchen e al..
Promoting the coupling efficiency of waves by a 2D photonic
crystal[J]. Acta Photonica Sinica, 2004, 33(1): 69~72
WEFHAEAR . 28G5 . Bralse &5, FIF 407 w38 5 B HE 5
MR AF$8|, 2004, 33(D): 69~72

5 Li Yan, Zheng Ruisheng, Feng Yuchun e al.. Influence of
disordered photonic crystal on light extraction of a kind of light
emitting diode model[ J]. Acta Photonica Sinica, 2006, 35(6)
903~905
A, BEE. BER F. M AL TRAEEAIN T ST
TR o BroE)]. R F $ 4. 2006, 35(6): 903~905

6 Mei Luogin, Ye Weimin, Zeng Chun e al.. Characteristic
properties of transmission research of 2-D photonic crystals using
the transfer matrix method (TMM) [J]. Acta Sinica Quantum
Optica, 2005, 9(2). 88~92
M H . TR, VAL AR M CTMIMD BF 58 — 45k
TR (J]. 2565 $4, 2005, 9(2): 88~92

7 Liu Bowen, Hu Minglie, Song Youjian et al.. 39 {s, 16 W all

1006001-4



B

R T EIC S o T R e R A B T A T A I D A S

photonic crystal fiber laser system[J]. Chinese J. Lasers, 2008,
35(6): 811~814
XIS, SIS, KA 4. 39 fs, 16 W 206 T Wik s «fb
WOLRE[1]. + A%k, 2008, 35(6): 811~814

8 Fang Xiaohui, Hu Minglie, Liu Bowen et al.. Hunderds of
megawatts peak power multi-core photonic crystal fiber laser
amplifier[J]. Chinese J. Lasers, 2010, 37(9): 2366~2370
J7 e E, WA, XU SC 4F. K BL A U R 200 T A Ok
ARBWOLTR RS [J]. # Bk, 2010, 37(9): 2366~2370

9 Liu Bowen, Hu Minglie, Song Youjian et al.. Photonic crystal
fiber femtosecond laser amplifier with millijoules and 100 fs level
output[ J]. Chinese J. Lasers, 2010, 37(9): 2415~2418
XHESC, SE . KA A MEE VH LT RO R
Bokok#Rl)]. F E#k, 2010, 37(9); 2415~2418

10 H. Hojo, K. Akimoto, A. Mase. Enhanced wave transmi-ssion
in one-dimensional plasma photonics crystals [ C]. Conference
digest on 28th International Conference Infrared and Millimeter
Waves, Japan, 2003. 347~348

11 H. Hojo, A. Mase. Dispersion relation of electromagnetic waves
in one-dimensional plasma photonic crystals [J 1. J. Plasma
Fusion Res. , 2004, 80(2): 89~90

12 Li Wei, Zhang Haitao, Gong Mali e al.. Plasma photonics
crystal[J]. Optical Technology, 2004, 30(3); 263~266
2l KEEE. O & S A TFRED] LFEHR K,
2004, 30(3): 263~266

13 Liu Shaobin, Zhu Chuanxi, Yuan Naichang. FDTD simulation
for plasma photonic crystals [ J]. Acta Physica Sinica, 2005,
54(6) . 2804~2808
XDk, Rfes, ®ITE. FEFHOLF MM FDTD 4347 ].
PR, 2005, 54(6): 2804~2808

14 O. Sakai, T. Sakaguchi, Y. Ttoet al.. Interaction and control of
millimetre-waves with micro-plasma arrays[J]. Plasma Phys.
Control Fusion, 2005, 47. B617~DB627

15 O. Sakai, T. Sakaguchi. K. Tachibana. Verification of a plasma
photonic crystal for microwaves of millimeter wavelength range
using two-dimensional array of columnar micro-plasmas [ J].
Appl. Phys. Lett. , 2005, 87(24); 241505

16 Liu Shaobin, Gu Changqing, Zhou Jianhong e al.. TDFD
simulation for magnetized plasma photonic crystals [J]. Acta
Physica Sinica . 2006, 55(3) . 1283~1288
XA, B R, L . B AL AR T RO T R FDTD 43
Wrll]. #3534k, 2006, 55(3) . 1283~1288

17 S. T. Ming, S. Ronan, R. Anthony e al.. Analysis of
electromagnetic band-gap waveguide structures using body-of-
revolution finite-difference time-domain method[ J]. Micr. Opt.
Technol. Lett. , 2007, 49(9): 2201~2206

18 Zhang Haifeng, Ma Li, Liu Shaobin. Effects of plasma
temperature and density to the characteristic of band gap
structure for un-magnetized plasma photonic crystal[ J]. Journal
of Nanchang University (Natural Science), 2007, 31 (6):
540~544
[1 (3= ST A I ¢ R T N N 0 I | A = R e Al
EAT AR [T, &3 R FEFm AR M), 2007,
31(6): 540~544

19 Zhang Haifeng, Ma Li, Liu Shaobin. Periodic band gap structure
for un-magnetized plasma photonic crystals[J]. Acta Photonica
Sinica ,» 2008, 37(8): 1566~1570

KR, Ty, XK. AERE LS B RO S R R AR TR
FEVERFSE[T]. 56 F 54k, 2008, 37(8): 1566~1570

20 Xiao Qing, Ma Li, Zhang Meng. Study on the band gap structure
for time-varying un-magnetized plasma photonic crystals [ ] ].
Journal of Nanchang University (Natural Science), 2009,
33(3): 265~267
HoOWE. B J1. o5k B I ARHERL IR A B T MO0 T R AR AR A AR
L] 3 X FFRCARAF M, 2009, 33(3): 265~267

21 Zhang Haifeng, Ma Li, Liu Shaobin. The forbidden band gap of
time-varying magnetized plasma photonic crystals [J]. Chinese
Journal of Luminescence, 2009, 30(2) . 142~146
TRMEE. T Jr XK. i AR R AR B O T AR AR A R
PELT]. B3R, 2009, 30(2); 142~146

22 Liu Song, Liu Shaobin. Analysis of photonic band gap in
inhomogeneous plasma photonic crystals[J]. Nuclear Fusion and
Plasma Physics, 2009, 29(4) . 365~369
XA, XAk, JEY ) 4 A A B F RO R BR T .
BRELFEFRBIE, 2009, 29(4): 365~369

23 Liu Song, Liu Shaobin, Wang Shenyun. Fiber property analysis
of plasma photonic crystals with tunable defect [ J .
Opto-Electronic Engineering , 2010, 37(2): 146~150
X kA XAk, EB . n BB A R OG0 IR
RPN ], b 242, 2010, 37(2); 146~150

24 Zhang Haifeng, Xiao Zhengquan, Yang Guohua e al.. Effect of
plasma temperature and density on the defect mode in magnetized
plasma photonic crystals[ J]. Chinese Journal of Luminescence ,
2010, 31(1): 1~6
TR, HIER, BEE S ORE CEEXMGASEEFEROLT R
REBEBT I ], £k R, 2010, 31(1D): 1~6

25 Zhang Haifeng, Zheng Jianping, Wang Shenyun. Filtering
properties of one dimensional tunable magnetized plasma photonic
crystal with single defective layer[J]. Acta Photonica Sinica .
2010, 39(9): 1572~1577
KR, AT, EB . & BRI — 4 R R Ak S e
T F R RN R I] AT Fk, 2010, 39(9):
1572~1577

26 Miao Guiling, Zhang Haifeng, Ma Li. Temperature and density
properties of prohibit band gaps for one dimension time-varying
un-magnetized plasma photonic crystals [ J . Jowrnal of
Nanchang University (Natural Science), 2010, 34(1) . 66~74
BN, KR, O ). —ERPR SR O T SRR %
WAFHELT]. B8 RFFMCA KA F M, 2010, 34(1): 66~74

27 Kong Qing, Zhu Lijun, Wang Jiaxiang et al.. Electron dynamics
in the extra-intense stationary laser field [ J]. Acta Physica
Sinica, 1999, 48(4) . 650~660
L&, KoL EIFE 5. BB IREOE S T 3 I R
[J]. s 53R, 1999, 48(4): 650~660

28 Hao Xiaofei, Hao Dongshan. Ablation effect to solid irradiated
by high power laser-plasma punched wave under Compton
scattering [ ] ]. Nuclear Fusion and Plasma Physics, 2008,
28(2): 111~114
MBI K, AR . Compton BT Y 52 MO 45 B 1 b o 0T [
R [J]. R A5 F & FRHE. 2008, 28(2):
111~114

29 A. B. Petrin. Transmission of microwaves through magnetoctive
plasmal]]. IEEE. Trans. Plasma Sci., 2001, 29(3); 471~478

1006001-5



