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TOM TAT

Céc thiét bi quang tir (photonic) hoat dong ludng 6n dinh c6 vai trd quan trong trong hé
théng thong tin quang. Chiing dugc str dung nhu cc cong logic, khéa quang bo chuyén d6i hay
khuech dai quang hoc. Trong bai bdo nay, bang cach giai h¢ phuong trinh lién két mode phi
tuyén chiing t61 khao sat hoat dong ludng 6n dinh quang hoc cua mot mau tinh thé photonic tudn
hoan, phi tuyén mét chiéu. Céc két qua thu dugc cho thy khi thay d6i mot vai tham sé cau tric
céc dac trung ludng on dinh nhu d6 rong, hay ngudng chuyén trang thai d bi thay doi.

Tir khéa: ludng 6n dinh quang hoc, tinh thé photonic phi tuyén, mot chiéu.

1. MO PAU

Céc mang thong tin quang hién dai can phai c6 céac bo chuyén dbi, cic cong logic, cac bo
khuéch dai quang hay céc khod quang c6 cu tric nho, toc d6 dap tmg cao. Cac thiét bi quang tir
hoat dong ludng 6n dinh c6 thé dap ing duogc cdc yéu cau d6 [1].

Ngay tur khi 1i thuyet [2] va thuc nghiém [3] tim thdy sy xuét hién ctia cdc duong cong tré
va hiéu tmg ludng 6n dinh trong giao thoa ké Fabry- Pero chira mdi truong phi tuyén trong ddp
Ung cua n6 voi tin hiéu quang vao, cic thiét bi ludng 6n dinh véi cic moi truong c6 cau tric
khac nhau [4, 5] d4 dugc ché tao hoan thién va c6 céc tmg dung to 16n trong hé thdng truyén dan
quang dudng dai. Ching dugc sit dung nhu céc bo khuéch dai quang, nén xung, céc phan tir nhd,
céc bd cam quang hay céc cong logic.

Trong [6] xuat phat tir md hinh tinh thé photonic tuan hoan, phi tuyén ching t6i da tim thay
hoat dong ludng 6n dinh va khao st anh huéng ctia mot vai tham sb cau tric 1én dudng cong
ludng On dinh xuét hién trong cdu tric dé xuat. Tuy nhién gi4 tri gii han cta cic tham sd chua
dugc tim thay va vi vay hinh dang va cdc dic trung ludng 6n dinh xuat hién chua rd nét va thay
d6i khong nhiéu.

Trong bai bao nay, dya trén mé hinh tinh thé photonic tuan hoan, phi tuyen chung t61 khao
st cac dac trung ludng O 6n dinh quang hoc xudt hién trong tinh thé khi thay ddi cdc tham s cdu
tric cua chinh tinh thé ciing nhu cia cdc tham sé ddu vao. Mot vai anh huéng dén qua trinh da
6n dinh ciing dugc khao sat.
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2. HE PHUONG TRINH LIEN KET MODE PHI TUYEN

Chting ta xét mot tinh thé photonic phi tuyén ¢ ciu tric duoc mé ta nhu trén hinh 1. Trong
cAu tric nay mdi trudong phi tuyén duoc tao thanh bang cich phan bd cic phan tir nano CdSe vao
trong nén polyme cao phan tir. Qu4 trinh nay dugc thuc hién sao cho mét do cac phan tar CdSe
bién thién mdt cich tuan hoan tao nén sy phan bd khong gian cua chiét sudt véi nhiing sy thay
d6i tang giam c6 tinh chat chu ki. Chiim 4nh sdng t6i s& bi phan xa mot phan tai bé mat céc 16p
va phan con lai dugc truyén di ra khoi cdu triic. Phd huynh quang ciia cdc phan tir nano CdSe
phu thudc vao chinh kich thude ctuia né, vi vay dudi tdc dung ctia chim sang c6 cudng 16n, céc
phén tir nay tro thanh vat ligu phi tuyén c6 chiét suat phu thude vao cudng do sng t6i. Chinh su
phan hdi ctia chiim séang tai cdc 16p két hop véi tinh chat phi tuyen cua moi truong 1a nguyén
nhan gly ra cic hién twong quang phi tuyén & trong céu tric. Chiéu dal tong cOng cua cdu truc
dugc xdc dinh béi cong thitc L = NA, v6i A 1a chu ki céch tir va N 12 tong s6 16p.

Su thay ddi chiét suét cua tinh thé ¢6 dang [8]:
n(z, |EP) = now(z) + nu(2)|EP?

Vi no(z) 12 hé s6 chiét suat tuyén tinh (k = 1, 2), nu(z) 12 hé s6 chiét suat phi tuyén dugc diéu
bién theo hiéu tng Kerr. Céc tham s0 A, N, L, n(z,|EP?) dugc goi 1a cdc tham s cau tric.

A
=
v

Iin

H\I n(z) = nootnu (QIEP 4 z

n(z) = no1+nu (2)|EP?

Iout

Hinh 1. Céu tric tinh thé photonic ¢c6 méi trudng tuan hoan phi tuyén.
Chiing ta gia sir rang truong lan truyén trong ciu tric theo phuong truc Oz c6 dang:

E(z1) = [E«(2)e® + E_(z)e P ]e ™ + c.c.

Trong gan ding ham bao bién d6i cham, hé phuong trinh lién két mode mé ta su bién doi
cua bién dd cac séng lan truyén trong cau tric cé dang [7]:

i[ai+aijmm(}z_+nn,(|15+ P+21E PE, +n,[21E, P +1E P)E +EE’]=0 )
3y | oT
—i(aal; aaETJMOkE +n,21E P+1E P)E +n, || E, P +21E P)E, + E2E']=0 )
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trong d6 E, va E- 1a bién d6 cia séng téi va séng phan xa lan truyén theo cdc huéng nguoc nhau
tir trdi va phai; ¥ = ooz/c va T = @ot/ny 1a céc tham sb chuan hod ctia céc thanh phan toa do
khong gian va thoi gian twong (mg. Thanh phan na = 2nulomo Inex voi Iy 12 cudng d6 anh sang
mau, déng vai trd nhu 12 chiét suat phi tuyén, 7,13 tham sb vat liéu.

O tai cdc bién cia ciu tric (Z =0 and Z = L), cudng d6 ctia song t6i I, séng phan xa L. va
truyén qua L. dugc xdc dinh boi:

IE«(0)=L,, 1E-(0)? =L, 3)
\EL)? = L, |E-(L)?= 4
3. KET QUA VA THAO LUAN

3.1. Sy xuit hién ciia hiéu tng ludmg 6n dinh quang hoc
Ching t6i da giai bang s hé phuong trinh két hop phi tuyén (1), (2) véi cdc diéu kién bién
(3), (4) bang phuong phap Runge - Kutta trong ngdn ngit 1ap trinh Matlab. Cic phuong trinh co
ban cua thuat toan dugc mo ta boi:
h
VYn+1 = Yo + g Ky + 4Ks + K3).
Kl = f(Xn’ Yn),
K, = f(xn+ﬁ , Yo+ h Ki+ h K»),
2 4 4
K3 = f(Xn+ h, yn+ th)’
r—1
K =f(x, +ah,y, +h>b

m=1

K*'+hb _K®). (r=1,2,3)

rm

0 day K’ (r=1, 2, 3) 1a céc gid tri trung gian twong ung va yui biéu din E.(zi+1) hodc E-(z).

Céc gid trl s trong hé phuong trinh phi tuyén (1), (2) duoc ldy tir céc két qua thuc nghiém
vé tinh thé photonic c6 cau tric tuin hoan sir dung cling cdc phén tir nano CdSe phan b trén nén
polyme cao phan tir [7]: ¢ = 3x10® m.s!, e = 1,6 X 10" C, ng = 2,55, A = 0,28x10°m; N = 50;
Iin = 0,15 (a.u) (twong Gng vdi cuong do mau I = 15 MW/cm?).
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Hinh 2. D6 thi mo ta sy xuat hién
hi¢u ing ludng on dinh quang hoc
trong tinh thé.
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Hinh 2 biéu thi sy phy thudc ctia cudng do ra I, vao tham sb diéu khién la cuong d6 vao
Iin. TU do thi chiing ta nhan thiy dédp ung vao ra da c6 dang duong cong tré mo ta hoat dong
ludng 6n dinh quang hoc cua tinh thé. Khi cuong do dnh sang vao tang 1én thi cuong do ra cling
tang theo. Bat dau tir diém A trén do thi, hé chuyén 1én trang thdi trén & diém B va khi cuong do
sdng giam vé gid tri tai diém C & nhanh trén cta do thi, hé chuyén xuéng diém D & nhdnh dudi.
Cira s6 chuyén c& khoang 0,15 (a.u).

3.2. Diéu khién lwéng 6n dinh bing sb 16p cach tir

Trong cdc thiét bi ludng 6n dinh sir dung mdi truong tuan hoan, sd 16p cich tir N anh
hudng dén d6 ddp tmg hay thoi gian chuyén trang thai cting nhu gid tri ngudng ddp tmg vao - ra
ctia thiét bi [8]. Cac mo ta trong céc cong trinh nay cho thdy ngudng chuyen trang thdi thay doi
khi N thay dbi, c6 kha ning dép tng téc do chuyén nhanh cta hé théng truyén din quang.

Trong muc nay dé khao sit anh hudng cia sb 16p N 1én cdc duong cong ludng on dinh,
bang cach giit nguyén cic tham s khac, thay d6i s6 16p N ctia cach tir voi cdc gid tri khac nhau
N = 1070, N = 715 va N = 357, chiing t6i nhan duoc cic dudng cong ludng 6n dinh khac nhau.
Két qua khao st duge mo ta trén hinh 3.

Tu hinh 3 ching ta nhan thay, khi thay doi gid tri cua N, cdc dac trung cua dudng cong
ludng 6n dinh nhu bé rong, chiéu cao di thay ddi. Cu thé véi N = 1070, ngudng chuyén 1én
trang thai trén 1 cua cuong d6 16i vao T, 1a 1,23(a.u) va ngudng chuyén xubng 1a 0,25(a.u),
trong khi véi N = 357 cdc gid tri chuyén cta ngudng 1a 1(a.u) va 0.55(a.u) tuong tng.
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Hinh 3. Anh hudng ciia s6 16p céch tir dén duong cong ludng 6n dinh.
3.3. Piéu khién luéng 6n dinh bang cuong dé sang
Trong céc cAu tric tudn hoan phi tuyén, su phy thudc cta chiét suét phi tuyén nz vio cudng
dd anh sang t6i Ip dugc mo ta boi cong thuc n = nulo2 o/nor. Khi xem cuong dd dnh sang tdi

nhu 12 tham s6 dau vao thi sy thay ddi gid tri ciia o s& 1am thay ddi gid tri cta na, do d6 1am thay
doi céc gia tri ngudng ludng On dinh.

Trong muyc ndy, bing cdch chon cic gid tri khdc nhau cia /o 1an luot bang 30 MW/cm?, 45
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MW/cm? va 60 MW/cm?, st dung phuong phép gidi twong ty nhu & muc trén, ching toi nhan
duogc cac duong cong mod ta anh hudng cua cuong do sang 1€n hoat dong Iudng 6n dinh cia tinh
thé. Két qua khao sat dugc md ta trén hinh 4.

Tir hinh 4 chiing ta nhan thdy, vé mit hinh thirc, dang cua céc duong cong ludng 6 6n dinh
trong truong hop thay d6i cuong do sdng vao gidng nhu dang cdc dudng cong ludng 6n dinh khi
thay d6i s6 16p cach tir. Vé mat vat Ii két qua nay phan 4nh anh huong cua hiéu ing Kerr 1én tinh
chat ctia mdi truong. Khi cuong do sdng toi tang 1én, chiét suat mdi truong phu thudc phi tuyén
vao cuong do sang lam thay d6i cic ddc trung vao-ra cua cdc dudng cong ludng 6n dinh. So
sanh véi cac két qua da dugc phan énh trong [6, 7], hinh anh trén cédc hinh 3 va 4 cho thy céc
duong cong ludng 6n dinh c6 dang chir S r6 rét khi tang gid tri s6 16p céch tir ciing nhu cuong
do sdng vao. RO rang ton tai gid tri ngudng cua so 16p cach tir (N = 50) va gid tri ngudng cua
cuong d6 sang mau (Io > 25 MW/cm?) dé c6 sy xuat hién hiéu tng ludng on dinh trong cu tric
tudn hoan phi tuyén dé xut.

— I,= 60 MW/cm®
=== 1= 45 MW/em?
w 1y= 30 MW/em®
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Hinh 4. Anh hudng ciia chiét sudt phi tuyén 1én céc dudong cong ludng 6n dinh.

Két qua khao st chi tiét hon ciing cho thiy khi ting cudng do sing vuot qué gid tri
120 MW/cm?, trong hé xudt hién qud trinh da 6n dinh (hinh 5). Hai doan dit nét trén d6 thi mo
ta qua trinh nay. Két qua nay di c6 sy phit hop nhat dinh vdi cdc két qua cong bd trong [9 - 11]
va cong trinh thyc nghiém [12]. Vé mat vat If sy két hop giita song t6i va song phan xa ¢ cdc 16p
c6 chiét suat khac nhau cta cau triic tao nén céc qua trinh chuyen pha & céc trang thdi khéac nhau
trong h¢, do vay céc trang théi da tri cua cuong do 16i ra da xuat hién & cac vi tri khac nhau trén
duong cong ludng 6n dinh.

4. KET LUAN

Chiing t6i da khao sét hoat dong ludng 6n dinh cta tinh thé photonic tudn hoan phi tuyén
dan séng mot chiéu. Cac két qua nghién ciru cho thdy, voi bo tham sb trung tim da chon, ching
toi da nhan dugc dudng cong tré c6 dang chit S md ta hoat dong ludng 6n dinh cia tinh thé theo
mb hinh d¢ xuét. Bang cich thay doi gid trl cua tham s6 dau vao nhu cuong d sang mau, hay sb
16p céch tir, ching toi da c6 thé tim thiy cic gid tri ngudng chuyén trang thdi va ¢ thé lam thay
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d6i dic trung ciia dudong cong ludng 6n dinh. Chang han véi s6 16p cach tor N = 1070 ngudng
chuyén 1én trang théi trén cia cuong do 16i vao I, bang 1,23(a.u) va ngudng chuyén xudng 12
0,25(a.u), trong khi v&i N = 357 cic gia tri chuyén cia ngudng tuong tmg 12 1(a.u) va 0,55(a.u).

Chiing t6i hy vong cdc két qua I thuyét nay c6 thé duoc dé xuét voi thyc nghiém nghién
ctru ché tao mau photonic néi trén nhu 1a cic thiét bi quang tir c6 d6 ddp tmg cao ing dung trong
h¢ thong thong tin quang.
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Hinh 5. Hoat dong da 6n dinh cua tinh thé khi tdng cuong do mau. Hai doan durt nét trén do
thi mo ta qua trinh da 6n dinh doé.
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ABSTRACT

STUDY ON CHARACTERISTICS OF OPTICAL BISTABILITY IN
ONE-DIMENSIONAL NONLINEAR PHOTONIC CRYSTALS

Nguyen Van Phu
Physics Department, Vinh University, 182 Le Duan, Vinh, Nghe An
Email: nvphudhv @ gmail.com
A powerful principle that could be explored to implement all-optical transistors, switches,
logical gates, and memory, is the concept of optical bistability. In systems that display optical
bistability, the outgoing intensity is a strongly non-linear function of the input intensity, and
might even display a hysteresis loop. In this paper, we present a photonic crystal devices
demonstrating optical bistability. By changing the number of layer N and incident intensity into
structure, we investigate the influence of these parameters on optical bistability hysteresis curves

of mentioned model and remark that hysteresis behavior can be controlled.

Keywords: optical bistability, nonlinear photonic crystals, one-dimensional.
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