TAO TIN HIEU QUANG HQC NGAU NHIEN
BANG BQ LIEN KET PHI TUYEN

Bui Xuan Kién', Mai Vin Luu?*, H5 Quang Quy?
"Tac gia lién hé, email: lnumv@hou.edu.vn. ORCID: 0009-0000-3765-0101

Ngay toa soan nhan dugc bai bao: 15/01/2026
Ngay phan bién danh gia: 17/03/2026
Ngay bai bao dugc duyét dang: 14/04/2026

DOLI: 10.59266/houjs.2026.1148

Tom tat: Trong bai bao nay ddac trung phu thuoc cua cuwong do ra vao cuong do vao cua

bé lién két dinh huwdng phi tuyén (nonlinear directional coupler-NDC) dwoc khdo sdt. Tir két

qud nghién ciru NDC sé dirgc trng dung dé chia mot tin hiéu quang thanh hai tin hiéu c6 bién

dé khdc nhau dong thoi véi bién diéu chudi tin hiéu. Két qua khao sdt s6 da cho thdy cé thé

chon khoang do lon cuong do tin hiéu vao phu hop voi céu triic ctia NDC, nho dé mot tin hiéu

quang mad héa c6 thé tach thanh hai tin hiéu ra cé bién do dao dong ngau nhién (tao ra hai tin

hiéu quang ngau nhién). Piéu nay cho ching ta co hdi thiét ké linh kién tao tin hiéu quang ngdu

nhién phuc vu bdo dam an toan théng tin trong cong nghé truyén thong khong day.

Tir khéa: quang phi tuyén, bé lién két phi tuyén, truyén thong quang khéng day, an toan thong tin

I. Dt van dé

Tin hiéu quang ngiau nhién
(random) hay r6i loan quang (chaotic) rat
hiru ich ddi véi cac qua trinh ngiu nhién
trong dién tor - may tinh (Garmire, 1981;
Therrien & Tummala, 2012) va truyén tin
(Varnosfadenani va cong su, 2015). Trong
cac qua trinh do, tin hi€u quang dugc
tmg dung nhu sé ngiu nhién (Calabretta
va cong su, 2001; Degiorgio, 1980; Li
va cong su, 2010; Shinohara va cong su
2017; Steinle va cong su, 2017; Stipéevic
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& Bowers, 2016). Cac may phat sé ngiu
nhién quang, nhu laser phat trong diéu
kién pha ngau nhién (Calabretta va cong
su, 2001; Degiorgio, 1980; Steinle va cong
su, 2017; Stipcevi¢ & Bowers, 2016) hoat
dong nhu mot rdi loan quang hoc (Sang
va cong su, 2020, 2021). Dya trén dong
hoc cua laser ban dan (Ashok va cong su,
2021; Ashok & Piramasubramanian, 2020;
Li va cong sy, 2014; Li & Chan, 2012; Li
va cong su, 2010; Sakuraba va cong su,
2015; Tang va cong su, 2015; Virt va cong
su, 2014; Wang va cong su, 2009), cac bit
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vat 1y ngau nhién try thanh hé thong phat
tryc tiép bit ngiu nhién tmg dung giao
dién may tinh (Raffaelli va cong su, 2018;
Shinohara va cong su, 2017; Zheng va
cong su, 2019).

Trong bao mat, mot tin hi€u thong
tin trong mién dién dugc mi hoa thanh
tin hiéu ngiu nhién nhim nang cao tinh
an toan (Sehgal & Rathor, 2015). Tuong
ty nhu vay, trong mién quang, dua vao
su thang dang pha, mdt tin hiéu quang
theo thoi gian thuc khong chi phat ra
boi laser dudi didu kién phi tuyén ma
con nhd budng cong hudong Fabry-Perot
phi tuyén (Garmire, 1981). Pay 1a mot
trong cac linh kién quang hoc phi tuyén.
Trong c4c nghién ctru trude day vé NDC
(Fortin va cong su, 2022; Ho va cdng su,
2011; Rezaei va cong su, 2022; Rezaei &
Rochette, 2022) chung t6i da chi ra rang hé
s6 truyén qua ctia né phy thudc vao do 1on
(cudng do) cua tin hiéu dau vao. Véi tinh
nang nay, NDC dugc st dung khong chi
tach mot tin hiéu quang dau vao thanh hai
tin hiéu quang ¢ dau ra trén phuong dién
cuong d6 nhu mot bo lién két hudng tuyén
tinh, nghia la ti 1€ tach xac dinh (Sehgal &
Rathor, 2015), ma con bién diéu tin hiéu
vé phuong dién thoi gian (Ho va cong
su, 2011). Piéu d6 cho chung ta co hoi
dé tao ra cac tin hiéu quang ngau nhién.
NDC duoc ciu tao tir mdt nhanh chira moi
trudng phi tuyén va nhanh kia méi truong
tuyén tinh. Vi cac méi trudng co do cam
phi tuyén cao nhu chat mau Red O (Quy
va cong su, 2020; Rekha & Ramalingam,
2009) s& ning cao hiéu qua bién diéu.

Trong béi canh cac nghién ctru vé
tao tin hiéu quang ngau nhién chu yéu dya
trén dong hoc hon loan cua laser ban dan
hodc cac cdu truc cong hudng phi tuyén,
van con ton tai khoang tréng dang keé lién

quan dén viéc khai thac truc tiép cac phan
tr thy dong ¢ cdu tric don gian nhung
c6 kha ning tao ra dap Ung phi tuyén
manh. Cuy thé, nhu d3 phan tich, cac két
quanghién ctru trede day vé NDC chi yéu
dung lai ¢ viéc khao sat dac tinh truyén
qua hodc hi¢u tng ludng on quang, ma
chua khai thac ddy du tiém ning cta né
trong viéc tao va diéu khién tin hiéu ng'?lu
nhién phuc vu bao mat thong tin. Hon
nita, viée két hop gitra dac tinh phi tuyén
ciia moi trudng vat liéu véi ki thuat bién
di€u tin hi¢u theo thoi gian trong cung mot
mo hinh van chua duoc nghién clru mot
cach hé thong.

Xuat phat tir khoang trong do, bai
b4o ndy dé& xudt mot cach tiép can méi
khi st dung NDC nhu mdt phﬁn tr tao
tin hiéu ngau nhién thong qua viéc lua
chon thich hgp mién cudng do dau vao
va cdu hinh vat liéu phi tuyén. O day, cac
biéu thirc mé ta hé sb truyén qua, tin hiéu
thong tin quang, tin hiéu quang mang
va tin hiéu quang da ma hoa duogc trinh
bay. Khoang cuong do phu hop véi tham
s6 cAu hinh ctia NDC dé tao ra tin hiéu
quang ngau nhién s& dugc khao sat sé va
thao luan.

IL. Co 6 1y thuyét

,

Hinh 1. Céau hinh ciia NDC

C4u hinh NDC dugc mo ta trén hinh
1. Trong nghién ctru ndy ching toi dé xuét
st dung dung dich dau Red O bom vao
mot nhanh nham nang cao do phi tuyén
(Quy va cong su, 2020; Rezaei va cong
su, 2022), va nhanh con lai duoc bom



dung moi. Mgt xung tin hi¢u laser dugc
bom tir cong vao ctia nhanh thi nhét, xung
tin hiéu sau khi truyén qua NDC s& phét ra
& ca hai cong.
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nhét; /, (d) tuong tmg 1a cuong do & hai
cong ra; d la do dai lién két; C l1a hang
s6 lién két tuyén tinh lién quan truc tiép
dén cac tham sd cdu hinh cia NDC va
dac trung vat li cta hai soi quang (Huang,
1994; Snyder, 1972); C,, 1a hé s6 lién két
phi tuyén duge xac dinh nhu sau:
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bude song cua laser. Tur (1) va (2), cuong
d6 dau ra phu thudc phi tuyén vao cudng
d6 dau vao. Vi c6 tinh chat phi tuyén nén co
thé suy luan rang s& ton tai mot khoang gia
tri cudng d6 déu vao nao d6 ma ing véi nd
cuong do dau ra s& dao dong 1én xudng mot
cach rdi loan. Pac tinh nay dan dén NDC
6 thé tich mot tin hiéu quang hoc thanh
hai tin hiéu ddu ra c6 cudng do khong don
diéu, goi la tin hi¢u nhiéu loan hay tin hi¢u
ngau nhién. Céc tin hiéu thanh phan nay s&
hitu ich cho viéc bado ddm an toan thong tin
trén co s& nguyén ly Khoa - Téach (Split-
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Nhu d3 trinh bay trong mot s6 cong
trinh trude ddy, hé s truyén qua # [(d) va
1,(d) duge dan ra nhu sau (Ho va cong su,
2011; Rezaei va cong su, 2022):
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Key) (Giuliani va cong su, 2016; Meyers,
2001). Dic biét ddi véi truyén thong mang
khong day, cac tin hi¢u thanh phan nay
duoc truyén di doc 1ap nhau voi do tré thoi
gian nhit dinh va sau do s& tich hop tai dau
thu theo quy luat cho trudc.

Sau day chung t6i gia thiét mot xung
tin hi€u quang (xung laser chira thong tin)

nhu sau:
sin E 3
T (3)

tr’ong‘ do 1 0527 14 bién d6 chuan, a la tham
s0 dicu khién v&i bién do nho nhat, m(?) 1a
tham s6 bién diéu theo thoi gian xung, T,
la chu ky 1dp va ¢ 1a thoi gian thuc cua tin
hiéu, gi4 tri tuyét ddi co nghia gié tri thong
tin ludn 16n hon khong (> 0). Tin hi¢u thong
tin dugc guri di nho tin hi€u mang sau:
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trong do / Ocar) 1a bién do chuén, T lachu
ky nho hon chu ky cua tin hiéu thong tin
];gn(lzm_ ];gn)' Twr (3) va (4) chung ta c6 tin

hiéu quang di duoc bién diéu va truyén
qua mdi trudng nhu sau:
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va goi chung la tin hiéu mang ma hoa.
Tin hi¢u trong (5) dugc st dung nhu 1a tin
hiéu dau vao NDC va n6 sé& dugc tach ra
thanh hai tin hiéu thanh phan ngau nhién.

II1. Phuwong phap nghién ciru

Trong bai b4o nay, nhoém nghién ctru
dd sir dung két hop nhiéu phuong phap
nghién ctru dac trung cua vat ly hién dai,
bao gom phuong phap 1y thuyét - mo hinh
hoa, phuong phap phan tich toadn hoc va
phuong phap mé phong sb.

Trude hét, trén co s 1y thuyét vé
quang hoc phi tuyén va 1y thuyét mode
ghép, nhom tac gid xdy dung mo hinh
NDC véi cau trac hai sgi quang, trong
d6 mot nhanh chira méi truong phi tuyén
(dung dich Red O) va nhanh con lai 1a moi
truong tuyén tinh. Tir mo hinh vt 1i nay,
cac phuong trinh mé ta hé sb truyén qua
va mdi quan hé giira cuong do dau vao -
dau ra duoc thiét 1ap thong qua suy dién
giai tich, cho thiy ban chit phu thudc phi
tuyén cta hé. Tiép theo, phuong phap giai
tich trong viéc thiét lap cac biéu thirc toan
hoc cho tin hi€u thong tin, tin hi€u mang
va tin hiéu mé hoa theo thoi gian. Trén nén
tang d6, phuong phap md phong sb duoc
str dung dé khao sat dic tinh truyén qua va
dang tin hiéu dau ra trong cac diéu kién
tham s cu thé.

IV. Két qua va thio luin
4.1. Dic tinh truyén qua

Chung ta xét NDC véi dung dich
dau Red O c6 (K.R. Rekha va cong su,
2009; Quy va cong su, 2020), do dai lién
két d = 17cm, tin hiéu quang 1a laser co
budc song, do cam chan khong. Dé don
gian chung t61 chon cho s¢i quang thuy

tinh (Ho va cong su, 2011). Trudc hét,
sir dung biéu thirc (1) va (2) khao sat dic
trung truyén qua ciia NDC. Két qua thu
duogc trinh bay trong hinh 2.
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Hinh 2. Bdc trung truyén qua ciia NDC
tai cong 1 (d6), cong 2 (xanh)
Chung ta nhan thdy rang gia tri hé

sd truyén qua phu thudc vao cudong do
dau vao nhung khéng co xu huéng ti 18
thuan. Dac biét trong truong hop da khao
sat nay, khi cuong do thay ddi nam trong
khoang (1.5+5) MW/cm? thi hé sb truyén
qua ting va giam qua gia tri 50% mot sd
gid tri cua cudng do vao. Didu nay ching
t6 gi4 tri truyén qua c6 sy nhidu loan giita
hai cong ra. Dic tinh nay s& dan dén hién
tuong thay doi ngiu nhién bién do cua tin
hiéu dau ra trong mién thoi gian. Nhu vy,
ching ta c6 thé chon duoc tin hiéu thong
tin, tin hi¢u mang cling nhu tin hi¢u ma
hoa phu hop véi NDC da thiét ké dé tao ra
tin hiéu quang ngau nhién.
4.2. Dac tinh tin hiéu ra

Tiép theo, chiing ta khao st va thao
ludn vé cac tin hiéu ra khi tin hiéu thong
tin mo ta trong (3) voi cac thong s sau:,
a=5,va. Su dung (1) va (2), trong truong
hop nay tin hiéu & hai cng ra duoc thé
hién nhu hinh 3.
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Hinh 3. Tin hiéu thong tin can givi di (a), tin hiéu ngdu nhién ¢ cong 1 (b) va cong 2 (c)

RO rang mét tin hi€u vao don diéu
(Hinh 3a) dugc tach thanh hai tin hiu
ra, trong d6 mot c6 dang diéu ngau nhién
(Hinh 3b) va mot don diéu (Hinh 3c). Voi
két qua nay, dé bao dam an toan thong tin,
hai tin hiéu thanh phan s& duoc giri vao
moi truong lan truyén voi mot thoi gian
tré nao do. Tai dau thu thao tac tich hop s&
dugc thue hién va khoéi phuc (gidi ma) tin
hiéu thong tin can giri. Tuy nhién, néu chi
xét truong nay thi dang di€u cua tin hiéu
ra & cong 2 twong ty nhu tin hidu thong
tin can gui di, do d6 chua bao dam tuyét
dbi an toan thong tin. Mic du viy, ciing
nhu trong mién dién, tin hiéu thong tin
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quang duoc bién diéu nhd tin hiéu mang.
Trong mién quang chung ta sir dung tin
hiéu mang (laser ban din véi tan sé lap
cao) dé bién diéu tin hiéu thong tin theo
(5). Ap dung va vao (5), tin hiéu sau khi
ma hoéa nhu trong Hinh 4a. Mac du dugc
ma héa nhung an toan thong tin van chua
dugc bao dam tron ven vi tin hiéu nay con
don diéu va ké la c6 thé khoi phuc lai bang
phuong phap nao d6. Tuy nhién, céc tin
hiéu d4u ra & Hinh 4b va Hinh 4c c6 dang
diéu hoan toan thay d6i. Diéu quan trong
¢ day la dang diéu va d¢ 16n cua tin hi¢u
ra khong con nhu tin hiéu vao.
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Hinh 4. Tin hiéu ma héa dau vao (a) va tin hiéu dau ra cong 1 (b) va cong 2 (c),
I, . =3.10°W/em’vaT,  =0.5us

(0,carr)

Piéu nay cang dugc khing dinh
khi ta thay dbi cac thong sb cua tin hiéu
mang. Vi dy, chon / Ocan ,)=3.]06W/cm2 va
T =0.5us. Tin hi¢éu ra nhan dugc nhu

carr

trén Hinh 5, s€ hoan toan khac véi két qua

trén Hinh 4. Hon thé nita, tin hiéu ngau
nhién c6 thé duoc thay ddi khi tin hiéu
mang duoc bién diéu bang phuong phap
phu hop khac.
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Hinh 5. Tin hiéu md héa dau vao (a) va tin hiéu dau ra cong 1 (b) va cong 2 (c).
I, =310°W/cm’va T  =0.5us

(0,carr)

Tir tat ca cac két qua mo phong trén,
13 rang st dung NDC c6 thé tao ra cac tin
hiéu thong tin quang ngau nhién véi sy lya
chon tin hi¢u mang phu hgp. Bién d6 va
dang di¢u cua chung phu thudc vao bién
dd, chu ky cua tin hi¢u vao va cac tham
s6 ciia NDC. Su phu thudc nay 1a mot yéu
t6 quan trong cho viéc bao dam an toan
thong tin khong day trong tuong lai.

V. Két luin

Trong nghién ctru nay chung t6i da
dé xuat NDC soi quang bom dung dich
dau Red O va dung moi cia chung. Két
qua nghién ctru cho thiy c6 thé chon
khoang cuong do tin hiéu quang phu hop
v6i cac tham sd thiét ké cuia NDC dé thu
duoc cac tin hiéu ngiu nhién & dau ra; cac
tin hiéu quang ngau nhién nay s& gop phan
vao ky thuat bdo dam an toan thong tin
khong day. Pac tinh nay cia NDC véi do
phi tuyén cao 1a mot goi ¥ dé ché tao linh
kién tao tin hi€u ngﬁu nhién, khi tin hiéu
quang duoc tach thanh hai thanh phan
ngau nhién s& dugc truyén qua hai kénh
doc lap véi do tré xac dinh va tai hop tai
dau thu theo nguyén 1y “khoa - tach”. Voi
cAu truc soi quang va vat liéu phi tuyén
sdn c6, md hinh NDC ¢6 tinh kha thi cao
trong ché tao thuc nghiém, c6 thé duoc
trién khai trong cac hé thong truyén thong
quang khong day nham tao ngudn tin hiéu

ngau nhién phuc vu ma hoéa 16p vat 1y, dé

tich hop vao cac hé théng hién hiru, dong

thoi cho phép diéu chinh linh hoat thong

qua tham sb cuong do va cdu hinh lién két.
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CREATION OF RANDOM OPTICAL SIGNALS
USING ANONLINEAR DIRECTION COUPLER

Bui Xuan Kien', Mai Van Luu?**, Ho Quang Quy*

Abstract: In this paper, the output-input intensity characteristics of a nonlinear
directional coupler (NDC) are theoretically observed. Based on this property, the NDC
can be employed to split an optical signal into two signals with different amplitudes while
simultaneously modulating the signal sequence. Numerical results show that an appropriate
range of input signal intensity can be selected according to the NDC structure. Consequently,
an encoded optical signal can be separated into two output signals with randomly varying
amplitudes, thereby generating two random optical signals. This approach provides a
potential method for designing optical random-signal generators to enhance information
security in wireless communication systems.

Keywords: nonlinear optics, nonlinear coupler, wireless optical transmission, infor-
mation security
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