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TOM TAT

Cam bién quang da duoc nghién ctru va tng dung rat hiéu qua dé xac dinh ham
luong doc t6 trong moi treong 1ong thong qua viéc do chiét suat cua moi treong.
Cam bién quang do chiét suat moéi treong hoat ddng dwa trén nguyén ly dich chuyén
budc séng cua tin hiéu quang khi chiét suat cia moéi trueong thay déi. Trong bai bao
nay, ching toi thiét lap moét cdu hinh hé cam bién quang soi trén co sé tich hop cach
tr Bragg trong soi quang (FBG) véi cdu trtc laser vong soi cua soi quang pha tap
Er3 d€ do chiét suat cua dung dich 1ong ma khong can st dung may phén tich phd
quang (OSA). Hé cam bién da duwoc kiém ching béng thiee nghiém dé xac dinh ty 1¢
pha tron ctia dung méi hitu co trong xdng va nong d9 nitrate trong cac mau nuwdc.
Cac két qua thye nghiém cho thay cau hinh dugc dé xudt c6 thé dung dé€ ché tao hé
cam bién c6 d6 nhay va do lap lai cao, dap tng nhanh va gia thanh thap tng dung

trong linh vic cam bién sinh - hoa.

Tt khéa: Cam bién quang soi, Cach tit Bragg trong soi quang, Laser soi.

1. MO PAU

Cac thiét bi dya trén ciu truc FBG da va dang duoc rat nhiéu nhém nghién ctru
khoa hoc va cong nghé trén thé gidi quan tam. Ngoai viéc ché tao cac hé thong lién quan
dén linh vuc xtt ly thong tin nhw giai diéu ché tin hiéu [1], x&¢ 1y tin hiéu [2],... FBG con
duwoc nghién ctru tng dung rat nhiéu trong linh vuc cam bién quang soi [3-9], do ching
c6 nhiéu vu diém nhu: thoi gian dap tng nhanh, két qua do 1ap lai tot, dd chinh xac cao,
chétao don gian, bén trong moi treong an mon hoa hoc va sinh hoc, khong bi anh hudng
boi nhiéu dién ttr [6], kich thude gon nhe, dé tich hop véi soi quang thong tin tiéu chuan
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dé cam bién ttr xa. FBG da duoc minh chiing la dau do quang c6 nhiéu tinh nang vu viét
cho nhiéu ting dung khéc nhau [10, 11], dac biét la trong linh vitc cdm bién sinh - hoa [7,
8]. Trong cac ing dung sinh - hda, cam bién chiét suat rat quan trong vi mot s6 chat co
thé dwoc phat hién bang cach do chiét suat. Nguyén 1y hoat dong ctia cam bién quang
soi st dung FBG dua vao su dich chuyén ph6 phan xa ctia FBG dudi tac dong ciia moi
treong ngoai. Hé cam bién quang soi trén co so cau truc FBG c6 thé dugc st dung voi
cau hinh do pho phan xa [4, 7, 8, 10] hoac cau hinh laser sgi [5, 9]. Trong cdu hinh laser
01 v4i budng cong hwong vong, FBG c6 tac dung nhu mot bd loc lam téng d6 phan giai
cua phép do [9], nang cao dd nhay cho cam bién. Cac phwong phap do phd thong thuong
can phai sit dung OSA d6 phan giai cao gay ton kém va khong linh dong. Vi vay, viéc
tim ra cic phuong phap do phd bang phan ti FBG véi dd phan giai cao khong st dung
OSA la rat quan trong.

Trong bai bao nay, ching t6i dé xuat mot cdu hinh hé cam bién d€ do chiét suat
ctia dung dich long thong qua viéc xac dinh budc song phan xa Bragg cia FBG ma khong
can stt dung OSA. Cau hinh hé cam bién dya trén ciu trac laser vong s¢i stt dung soi
quang pha tap Er** két hop hai FBG hoat dong nhu dau do tham chiéu va dau do cam
bién. FBG dugc &n mon (e-FBG) lam dau do cam bién phu hop cho cac cam bién sinh -
héa. Cam bién sinh - héa nay duoc giai diéu ché thong qua viéc do cong suat quang bang
b0 loc tham chiéu FBG (re-FBG) ¢ budc sdng trung tam diéu chinh dwgc theo nhiét do
boi phuong phép lam mat nhiét dién. Hé cam bién da duoc kiém ching béng thuc
nghiém dé€ xac dinh ty 1€ pha tron ethanol, methanol trong xang véi dai nong do 0%-14%
v/v va nitrate trong cdc mau nuwdc & dai ndng do thap 0-50 ppm. Uu diém noi bat ctia hé
cam bién nay la ty 1€ tin hiéu trén nhiéu dwoc cai thién, d6 rong pho phat xa laser rat hep
giup nang cao do chinh xac cua phép do va kha dung cho cam bién tir xa. Vi vay, cau
hinh hé cam bién dé xuat c thé duoc st dung dé€ phat trién cac cam bién sinh - héa gia
thanh thap, linh dong trong cac tng dung thuec tién.

2. PHUONG PHAP NGHIEN CUU
2.1. C4u trtc va nguyén ly lam viéc cia FBG

Cach tir Bragg trong s¢i quang (FBG) 1a mét phan cta soi quang, gom cac doan
cua 161 soi c6 chiét suat thay doi theo quy luat tuan hoan doc theo chiéu dai cta soi. Cau
trac bén trong va nguyeén ly lam viéc cua FBG dugc minh hoa nhu ¢ trén Hinh 1. Budc
séng trung tam /s ctia &nh sang phan xa tit FBG dugc x4c dinh theo cong thikc Bragg [12]:

/8 = 2nerzc (1)
trong do, zc va nerlan luot 1a chu ky va chiét suat hiéu dung caa FBG.

Do dich pho phan xa ctia FBG dudi tac dong ctia nhiét d6 ap dat 1én n6 duwoc xac
dinh theo biéu thitc [13]:

68



TAP CHf KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, DH Hué
Tap 32, S8 1E (2025) ISSN: 2354-0842

A
B =(a+&E)AT
& @
trong d¢: (1a hé s8 gidn né nhiét cta soi quang va bang 0,55 x 10¢ d6i véi soi thuy tinh
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Hinh 1. Cau trtc bén trong va nguyén ly lam viéc cta FBG [12].

Céc FBG binh thuong vé ban chat khong nhay vdi chiét sudt moi treong ngoai,
do 16p 16i chita c&u tric FBG dwoc ngan cach véi mdi treong ngoai bang 16p vo thiy
tinh silica. D€ FBG chiju tac dong bdi chiét sudt cua moi treong ngoai, vung 16p vo thay
tinh silica ctia doan s¢i quang chtta cau tric FBG phai duoc di doi d€ vung 16i c6 FBG
ti€p xtc triee tiép voi moi truong ngoai, loai FBG nay dugc ky hiéu 1a e-FBG. Dudi tac
dong cua chiét suat moi treong ngoai, chiét suat hiéu dung cua e-FBG d6i voi cac mode
dan séng sé thay ddi do su trrong tac clia tredng gan gitta cdc mode 16i v4i mdi truong
ngoai, dan dén phd phan xa va do d6 budc séng phan xa Bragg /s ctia e-FBG bi dich
chuyén. Ban chat vat ly ctia hién twong nay dugc giai thich bang viéc 4p dung cac
phuong trinh Maxwell 1én mat ti€p xuc gitra hai 16p dién moi [6]. Chiét sudt hiéu dung
ner cua e-FBG phu thudc vao chiét suat moi treong ngoai theo biéu thire [3]:

) 5 1++/2 ( 2 z)

N =N — , L4 n —n
1+[4+4k5‘r4(nf—n22) }

3)
trong dé r, m, n2, ko lan lwot 1a ban kinh 161, chiét suét 16i soi, chiét suat vo phan xa (16p
phu - cladding) va héng s0 lan truyén tuong tng.

2.2. Gian d6 ba mirc ning lugng cta ion Er®* va co ché kich thich trong laser sgi

Qua trinh khuéch dai quang cua thay tinh pha tap Er® chu yéu lién quan dén hai
mutc ndng leong dé la mitc nang luong co ban 4fis2 (M1) va mitc nang lugng kich thich
tte 4f132 (M2) tré 1én. Hinh 2 minh hoa gian d6 ba mic nang luong ctia ion Er** trong thuy
tinh silica va cac qua trinh chuyén mtc ion twong ting dwdi s kich thich cua nguén bom
cd burdc song 980 nm va 1470 nm [12, 14, 15].

Pac diém rat quan trong la trang thai “l132 c6 thoi gian song rat 16n (7~10 ms),
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trang thai nay duoc goi 1a trang théi siéu bén. Khi kich thich thty tinh pha tap Er** bang
laser 6 budc song 980 nm, cac ion Er®* sé chuyén doi tir trang thai co ban *l1s2 1én trang
théi trén #l11z, mot ion Er¥* & trang thai nay c6 thoi gian s6ng ¢& 1 [s sau d6 né phan ra
thanh trang thai trung gian I, vi thoi gian s6ng ctia ion Er®* & trang thai *lue rdt ngan
(c& 1 ps) nén cac ion Er**sé nhanh chong chuyén doi khong phat xa vé trang thai 432 va
dé dang tao ra su nghich dao mat d6 phan bd gitra trang thai kich thich *l132 va trang thai
co ban 4l1s2. Qua trinh xay ra tiwong tu khi kich thich thuy tinh pha tap Er® bang laser ¢6
budc song 1470 nm [12, 15].

M3 Trang thai kich thich L,
g
g Phén rd nhanh 7~ 1 ps
o0 e —1460 nm
g M2 Trang thai kich thich *I;5,
- — 1540 nm
=]
=
=Y g
= £ Phit xa ty phét
Z S (1520 ~ 1570 nm), 7~ 10 ms
M1 Trang thai co ban *I5,

Hinh 2. Gian d6 ba mttc ndng luong ctia ion Er®* trong thuy tinh silica va cac qua

trinh chuyén mtkc ion khi kich thich béi nguén bom ¢é bude séng 980 nm va 1470 nm.

Khi mot photon c6 burde séng trong viing 1550 nm phat xa ngau nhién trong thuy
tinh pha tap Er® c¢6 nghich ddo mat do trang thai gitta hai mttc *[132 va 4[5, hién twong
phat xa cudng biic sé xay ra. Photon phat xa ngau nhién sé kich thich ion Er** chuyén
doi tte trang thai kich thich *[132 vé trang théi co ban *[1s2, chuyén doi nay phat xa thém
mot photon nira ¢6 cung bude song va pha véi photon ban dau. Vi trong soi pha tap Er?
c6 su tdch mttc Stark nén trang thai /132 la mot vung nang lwong vdi cdc mitc nang lwong
x&p gan lién nhau, do d6 su phat xa khong phai budc séng don sac 1550 nm ma 1a mot
vung budc song rong trong khoang tir 1520-1570 nm [14-16]. Khi d6 s¢i pha tap tao ra
mot dai pho rong (pho ASE) trong vung budce séng 1520-1570 nm nhw dwge minh hoa ¢
Hinh 3.
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Hinh 3. Pho phat xa ty phét cua soi quang thay tinh silica pha tap Er3.

Pho khuéch dai duoc tao ra trong mdi truong khuéch dai la mot dai pho rong.
D€ khuéch dai dai pho hep vdi bude séng trung tam xac dinh, bude song d6 can phai
duoc trich ra mot cach hiéu qua tte moi treong khuéch dai. Vdi laser, cong viéc nay duoc
thuc hién trong budng cong hudng nho suw chon loc bude séng anh sang phat xa, anh
sang v4i bude song da chon duoc dua trd lai moi treong khuéch dai va sau nhiéu lan
twong tac chung sé duoc tang cuong.

Dé€ lya chon budc song phat xa laser, buéng cong huwdong cé nhiém vu chon loc
budc song thich hop trong vung pho khuéch dai ASE dao ddng trong budng cong hudng.
Qua trinh chon loc budce séng trong viing pho nay cé thé duoc thuee hién boi FBG, o day
FBG doéng vai tro la guong phan xa ctia buéng cong hudng ctia laser.

2.3. Hé cam bién sinh - hoa va nguyén ly hoat dong

2 - -
S § Soi quang Peltier | Nhiét
X . # | e
M Wom "~ |
—1980/1550 L= _“_1‘
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Hinh 4. Hé cam bién sinh - hoa st dung hai FBG tich hop trong cau hinh laser vong.
So d6 nguyén ly hé cam bién do chiét suat chat long trén co so tich hgp hai FBG
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trong cau hinh laser cong hwong vong do ching toi thiét ké duoc minh hoa nhu trén
Hinh 4. Trong dé: ngu6n bom la laser diode cong suét cao (~ 170 mW) phat biic xa don
mode budc song 980 nm; moi treong khuéch dai quang la soi quang pha tap Er® c6 do
dai 3 m; re-FBG (~ 15 mm) lam dau do tham chiéu, re-FBG dwoc gé'm trén bé mat bo lam
lanh Peltier c6 nhiét d6 thay doi trong dai 273 K-343 K véi do chinh xac £ 0,1 K, hé nay
duoc dit trong budng dn nhiét c6 gan nhiét k& thuong mai tiéu chuan loai K dé giam sat
nhiét d9; e-FBG (~ 15 mm) lam dau do cam bién, budc séng Bragg cta e-FBG va re-FBG
trung nhau trong mdi treong tiéu chudn va nam trong khoang 1520-1570 nm & nhiét d6
phong, e-FBG duoc dung dé€ do chiét suat moi trwong cac chat hiru co dang long o gia
trj ~1,3-1,44 don vi chiét suat (RIU); linh kién thu tin hiéu quang la photodiode hong
ngoai dung trong thong tin quang tiéu chuan, loai nay c6 kha nang do cdng suat anh
sang hong ngoai 1550 nm ttr 1 nW dén hang chuc mW.

Nguyén ly hoat dong ctia hé cam bién: Laser diode phat bitc xa don mode budc
song 980 nm téi ctra 1 ctia bd ghép kénh quang WDM 980/1550 r6i di ra ctra 3 cua nd dé
truyén t6i doan soi quang pha tap Er’* d€ kich thich cac ion Er®. Pho phét xa tie phat
(ASE) cta Er®* duoc truyén theo mot chiéu qua b cach ly quang ISO téi ctra 4 ctia b
luan chuyén hudng truyén quang CIR-1 va di ra ctra 5 ctia né d€ t6i re-FBG thong qua
diém két ndi quang CON-1. Vung phd phat xa tw phéat ¢é budc séng lan can bude song
phéan xa Bragg /. ctia re-FBG duoc phan xa trd lai ctra 5 ctia CIR-1. Tin hiéu quang do
re-FBG chon loc sau khi ra ctra 6 ctia CIR-1 dwoc dua tdi ctra 7 ciia CIR-2 rdi dwoc dinh
hudng di ra ctra 8 d€ truyén tdi e-FBG thong qua diém két néi quang CON-2. Tin hiéu
quang téi e-FBG c6 budc song triing véi budc séng phan xa Bragg /e» ctia e-FBG sé dugc
phan xa tro lai ctra 8, ra ctra 9 va truyén toi ctra 10 cua bd chia cong suat quang PS 10/90,
10% cong sudt quang dua ra ctra 11 d€ truyeén t6i photodiode va dua ra tin hiéu dién
biéu thi cuong do ctia mode phat xa laser duoc e-FBG chon loc thong qua mach chuyén
ddi quang - dién, 90% cong sudt quang con lai ra ctra 12 dwa vé ctra 2 cia WDM 980/1550
két hop vdi bude séng bom cua laser diode d€ trd lai moi truong khuéch dai quang soi.
Chu trinh truyén quang nhu trén ti€p tuc lap lai va day chinh l1a quy trinh hoat déng cta
laser cong huong vong dugc tich hgp hai FBG dong vai tro chon loc mode phat xa laser.
Tt nguyén ly hoat dong ctia hé cam bién cho thay: khi mode phat xa laser do re-FBG
chon loc triing véi budc séng phan xa Bragg ctia e-FBG dit trong moi treong do (Lres =/
8), cdng huwong cuc dai trong budng cdng huong vong cua laser sé xay ra va cuong do
mode laser phat ra sé co gia tri I6n nhat, ltic nay tin hiéu thu dwgc tir photodiode sé dat
gid tri cueec dai.

2.4. Quy trinh do chiét suit dung dich long

Dé do chiét sudt dung dich 1ong bang thiét bi cam bién do chting t6i thiét k& va
xay dung, chung ta thurc hién cdc budc nhu sau:

- Budc 1: Xay dung duong chuan budc séng phan xa - nhiét d¢ cho re-FBG.
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- Budc 2: Xay dung dwong chuan budc song phan xa - chiét suat cho e-FBG trén
co s& stt dung cac dung dich mau chuan.

- Bude 3: Bat dau do cam bién e-FBG vao trong dung dich 16ng can xac dinh chiét
suat, thay doi nhiét d¢ ap ddt 1én re-FBG, do cong suat quang thu duoc tir photodiode
roi vé duong dac trung cdng suat quang - nhiét do. Cac phép do duoc thuc hién trong
diéu kién nhiét d6 moi truong xung quanh e-FBG ludn duoc gitr 6n dinh ¢& 25°C +0,5°C,
ap sudt khi quyén 1 atm va d6 am twong d6i khong doi.

- Budc 4: Xac dinh nhiét do ap dat lén re-FBG tuong tng véi gia tri cuc dai ctua
cOng suat quang.

- Budc 5: Dya vao duong chuan budce song phan xa - nhiét do ctia re-FBG dé xac
dinh gia tri budc song phan xa twong tng voi nhiét do tim dwoc ¢ Budc 4.

- Budc 6: Tl budc séng phan xa nhan dwoc 6 Bude 5, dya vao duong chudn budce
song phan xa - chiét suat da xay dung cho e-FBG ta sé xac dinh dwgc chiét sudt dung
dich long can do.

3.KET QUA VA THAO LUAN
3.1. Xy dung duwdng chuin budc song phan xa - nhiét ¢ cho re-FBG

b€ xay dung duong chuan budc song phan xa Bragg - nhiét d¢ cho re-FBG da
ch€ tao, chung t6i st dung cdu hinh laser vong soi dugc minh hoa nhw trén Hinh 5.a.
Thiét bi do ph6 quang duoc str dung 1la Advantest Q8384 v6i dd phan giai 0,01 nm.

i ey « Thucnghiém 5 ; 4
:§ 2 F Soi quang 1548.6l Fit y = 0,0126%x + 1544,3733 ‘ /,/ il
12T ha tap Er 1 : : ‘ :
|_’ p'_ _2P2 1 CIR - : i i
woM | | /RN E Basap . - ; :
980/1550 - :
; H
? 15482 R S T . S S S - —
4
=]
1548.0 ioone 9/ .............................
\ v
10/90 I k-
I 10% T 15a7gl® i i i
OSA Nhiét BuBng'ﬁ'n 280 290 300 310 320 330 340
ké nhiét 46 Nhiét 46 (K)
(a) (b)

Hinh 5. Cau hinh do budc song phan xa Bragg - nhiét d6 cho re-FBG (a)
va duong chuan budc song phan xa Bragg - nhiét do ctia re-FBG (b).

Két qua khao séat sy phu thudc cua budc song mode laser dwoc chon loc theo
nhiét 6 d6i véi re-FBG da sit dung dugc thé hién nhu trén Hinh 5.b. O day, nhiét do ap
dat 1én re-FBG c0 gia tri thay d6i trong pham vi 273 K-343 K va dugc diéu khién thong
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qua bd lam lanh Peltier. Hinh 5.b cho ching ta thdy budc séng ctia mode laser duoc chon
loc boi re-FBG dich chuyén vé vung song dai khi nhiét d¢ ap dat 1én re-FBG ting va su
phu thudc nay duoc xdp xi bang duong tuyén tinh. Két qua thue nghiém thu dwoc 6
quy luat phtt hop véi quy luat dich chuyén pho phan xa cua FBG theo nhiét d6 dwoc mo
ta boi biéu thike (2). Ddc tuyén budce song phan xa Bragg - nhiét do cua re-FBG sé la co
sO dir liéu d€ diéu chinh diém lam viéc cho re-FBG va xac dinh buéc song Bragg cua e-
FBG trong moi trueong do.

3.2. Xy dung duwong chuin budc song phan xa - chiét suat cho e-FBG

b€ xay dung duong chuan budc song phan xa Bragg - chiét suét cta e-FBG,
ching t6i stt dung cau hinh laser vong soi twong tw nhu trén Hinh 5.a, & d6 re-FBG gan
trén by lam lanh Peltier dat trong budng 6n nhiét dugc thay thé boi dau do cam bién e-
FBG nhung trong dung dich long can do chiét suét.

Trén co s& cac dung dich mau chuan c6 chiét suat khac nhau da biét (nhoé hon
chiét suat 16i soi m1, m ~ 1,44-1,46) va cac budc séng ctia mode laser duoc chon loc boi e-
FBG do dwgc twong tng tir thye nghiém khi nhung e-FBG Ian luot vao trong cac dung
dich mau chuin, ching t6i nhan duoc bang so liéu nhu 6 Bang 1. Tt Bang 1, chiing t6i
vé duoc d6 thi biéu dién sy phu thudc budc séng mode laser cho boi e-FBG theo chiét
suat dung dich nhw ¢ Hinh 6. Pac tuyén 6 Hinh 6 la phi tuyén trong gidi han vung chiét
suat dung dich da khao sat va c6 dang ham Gauss voi d¢ 1léch chuan R?=0,9946. Dac
tuyén budc séng phan xa Bragg /s - chiét sudt ctia e-FBG ciing dugc lwu 1am co sé di
liéu &€ d6i chiéu nham xac dinh chiét suat ctia dung dich can do.

1548.6

Bing 1. Su phu thudc cta /s cho boi e-FBG | = Thucnghiém :
theo chiét suat mot s6 dung dich mau do 15485 | it theo ham Gﬂuss(R 2=0,9946)/ P
TT  Maudo  Chidtsudt /s(nm) § ... -
[=1V]
1 Methanol 1,329 154817 &
‘_g 1548.3
2 Nuéc 1,340 154821 2
1548.2
3 Acetone 1,359 1548,38
1548.1 ; ; ; ; : ; : ;
4 Ethanol 1,361 1548,40 133 134 135 136 137 138
Chiét suit chit long (RIU)
5 Hexane 1,376 1548,49

Hinh 6. Duong chuan /s - chiét sut ctia e-FBG.
6  Iso-propanol 1,378 1548,52

3.3. Kiém chiing hé cam bién bang thic nghiém

Dé kiém chiing thiét bi cam bién do chiét suat dung dich st dung hai FBG tich
hop trong cdu hinh laser soi v6i budng cong huong vong da xay dung, ching toi thuc
nghiém phép do cho hai dung dich mau chudn 1a methanol 99,9% c6 chiét suat 1,329 RIU

va acetone 99,9% co chiét suat 1,359 RIU twong ting. Két qua do cuong do mode laser
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duoc chon loc boi re-FBG va e-FBG d6i véi hai mau do nay duoc biéu dién nhu trén
Hinh 7. Nhiét d¢ ap dat 1én re-FBG thay ddi trong dai 283 K-343 K véi bude nhay 1K +
0,1 K va thoi gian dap tng trong mot budc cd 5 s.

120 . T
120 ! ! m  Thic nghiém s Thycnghiém | I I
Fit %heo hé;n Gauss - Fit the_o ham Gauss .
3 Trong Methanol 99,9% § Trong Acetone 99,9%
o0 i i | : ; ; 0
] : ' s ; ; ; e
g N ]
3 A N A e -
k1) : H | H H H et
: : : : i i %
7001\ R UOUS OO TN ¥ JOUS I WO HOPUIS OO OO DU SO NS § 40 | .
o0 i i
H : =] 8]
& 4 £
i i i i i i ; i i ; i i
280 290 300 310 320 330 340 280 290 300 310 320 330 340
Nhiét d6 (K) Nhiét do (K)
(a) (b)

Hinh 7. Sy bién d6i cuia cong suat quang theo nhiét d 4p dat 1én re-FBG khi nhiing dau do cam
bién e-FBG trong dung dich methanol 99,9% (a) va acetone 99,9% (b).

Két qua trén Hinh 7.a cho thdy cuong d¢ mode laser phat ra cé gia tri 16n nhat
tng voi nhiét do ~ 301,5 K. Két hop v6i dit liéu cho boi duwong chudn cua Hinh 5.b véi
do chinh xac 0,1 K, ching ta xac dinh duwoc budc séng phan xa Bragg cuia e-FBG khi
nhung trong methanol 1a 1548,17 nm véi d¢ chinh xac 0,01 nm. Twong tw, Hinh 7.b cho
ta gia tri nhiét d6 318,2 K ting véi cuong dd mode laser phat ra cuwc dai. Két hop voi div
liéu cho boi duong chuan Hinh 5.b, ching ta ciing xac dinh dugc budc séng phan xa
Bragg cua e-FBG khi nhung trong acetone la 1548,38 nm vdi d¢ chinh xac 0,01 nm.

So sénh két qua do vi s6 liéu cho 6 Bang 1, chiing ta thay rang thiét bi cam bién
st dung hai FBG tich hgp trong cdu hinh laser soi cong hudng vong da xac dinh duoc
cac budc song phan xa Bragg cuia e-FBG trong dung dich vdi do chinh xac cao. Nhu vay,
thiét bi nay c6 thé dugc stt dung &€ do chiét sudt cidc dung dich khac c6 gia tri nam trong
gi6i han do cua thiét bi bang viéc d6i chiéu budc séng phan xa Bragg da xac dinh duoc
v6i co s dit liéu hodc duong chuan budc séng phan xa Bragg - chiét sudt cta e-FBG da
dwoc xay dung trén Hinh 6.

3.4. M6t s6 két qua do thit nghiém

Dé chiing minh tinh kha thi ctia hé cam bién da xay dung, ching t6i st dung hé
nay dé€ phan biét hai loai dung moéi httu co methanol va ethanol trong xang. Trong cac
thi nghiém, xdng RON 92 va xang hon hop dung moi duoc do riéng va budc song Bragg
trung binh dugc tinh tir ndm lan chay di liéu thir nghiém.
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Hinh 8. Su dich chuyén budc séng Bragg cua e-FBG theo nong do ethanol va methanol

trong xang RON 92 (a) va theo nong d0 nitrate trong moi truong nude (b).

Hinh 8.a hién thi cac két qua thtr nghiém phat hién xang thuwong mai RON 92 pha
trdn véi ethanol hoac methanol trong dai nong d6 0%-14% v/v. Hinh 8.a cho thay budc
séng phat xa dich chuyén vé viing séng ngan 0,506 nm va 0,234 nm trong dai nong d6
0%-14% v/v methanol va ethanol pha véi xang RON 92 tuong tng. D6 nhay ctia cam
bién duoc wdc lwong bang cach tinh toan do ddc ctia dwong 1am khép tuyén tinh. C6 thé
suy luan rdng do nhay ctia cam bién e-FBG dat duwgc ~ 45 nm/RIU trong dai chiét suat
1,41-1,43 twong ting véi ndong do ethanol tir 0% dén 14% v/v trong xang RON 92. Hé cam
bién quang nay cé thé do nong do dung mdi pha tron xang RON 92 véi do chinh xac
0,2% v/v va 0,15% v/v ddi véi ethanol va methanol tuwong tng. Gidi han phat hién cua
phép do dwoc tinh bdi LOD = Z/QS [17] va gia tri dat dwoc ctia nd la ~ 1,5 x 10+ RIU. O
day, S la d0 nhay cua cam bién, /14 budc song cua tin hiéu cam bién va Q la hé s6 pham
chat cia mode laser. Ngoai ra, d6 doc ctia cac duong dich chuyén buée séng tir hon hop
ethanol va methanol la khac nhau, tir d6 chung ta c6 thé phan biét duwoc dung moéi htru
co dua vao trong xang bai co s¢ dit liéu hon hop riéng biét.

Hinh 8.b hién thi két qua thir nghiém phat hién nitrate trong nwdc & dai nong do
0-50 ppm. Hinh 8.b cho thdy su gia tdang nong do nitrate trong moi truong nuwdc dan dén
budc séng phat xa dich chuyén vé vung séng dai. Giéi han phat hién ctia phép do duoc
wéc tinh ~ 4,5 ppm, gidi han nay gan véi gia tri ma hé cam bién thu duegc bang OSA do
phan giai cao [5] va thap hon nhiéu so véi mic nitrate t6i da cho phép trong nudc uéng
nén hé cé tiém nang ting dung 16n trong viéc giam sat nudc udng.

4. KET LUAN

Chung t6i da thiét ké va ché tao thanh cong hé cam bién quang soi st dung hai
FBG tich hop trong cau hinh laser soi buéng cong hwong vong dé do chiét sudt mot s6
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dung dich long ma khong can sit dung OSA. Hé cam bién nay cung cap cach ti€p can
moi cho cac phép do tai chd thoi gian thuc véi do chinh xac va tinh 6n dinh cao; ngoai
ra, hé con cho thay cd nhiéu vu diém nhu do phan giai cao, thoi gian dap ¢ing nhanh,
kha thi cho cac ting dung cam bién tir xa, d0 lap lai va kha nang tai st dung tot nho tinh
nang chong &n mon cua thuy tinh silica va viéc lam sach bé mét e-FBG duoc thuc hién
mot cach dé dang. Cac két qua thuee nghiém cho thay trién vong ctia viéc stt dung hé cam
bién nay cho nhiéu linh viec khac nhau nhw ndng nghiép, cong nghiép, thuc pham, nudce
udng, y t€, moi truong, ... d€ canh bao va phong tranh cac nguy co doc hai.
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ABSTRACT

Optical sensors have been studied and applied effectively to determine the
concentration of toxins in liquid media by measuring the medium's refractive index.
The optical sensor for measuring the refractive index of the medium operates based
on the principle of wavelength shift of the optical signal when the refractive index
of the medium changes. In this paper, we establish a fiber optic sensor system
configuration based on the integration of fiber Bragg gratings (FBG) with the fiber
ring laser structure of an Er3+-doped fiber to measure the refractive index of liquid
solutions without any optical spectrum analyzer (OSA). The sensor system was
experimentally verified to determine the mixing ratio of organic solvents in gasoline
and the nitrate concentration in water samples. The experimental results show that
the proposed configuration can be used to fabricate a sensor system with high
sensitivity and repeatability, fast response, and low cost for applications in

biochemical sensing.

Keywords: Fiber-optic sensor, Fiber Bragg grating, Fiber laser.
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