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NGHIEN CUU VA THIET KE MO PHONG
CACH TU BRAGG SQ'I CHO CAM BIEN
NHIET DO
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Abstract— Trong bai bao nay, chung t6i trinh bay
nguyén ly hoat dong vé mat 1y thuyét va phuong phap mé
phéng s6 dua trén 1y thuyet ghép mode ciia cach tir nhiéu
xa Bragg soi FBG va nguyén Iy cam bién nhiét do. Sau do,
chang t6i trinh bay mot dé xuét thiét ké md phong sO va
dénh gid ddc trung quang hoc cua mot cAu tric cach tur
Bragg s¢i cho cam bién nhiét do bang phuong phap quang
hoc. Cau trac duge thiét ké bang cong cy mo phong so
thuong mai hoa va dugce danh gia do luong st dung mo
phéng mirc hé thong quang soi. Két qua do ludng thong
qua mo phong cau trac cho thdy sgi FBG sir dung cho cam
bién nhiét d6 co dai rong 110°C trong khoang bién dong
chi 50 pW nén ¢ do phén giai cao ¢ mirc 0.45 uW/°C va
sai so nho chi ¢ £1 %. Nhimg gia tri t6t nhu vay c6 thé
dua cau tric thiét ké tiém nang 1on cho tmg dung cam bién
quang hoc do nhay 16n va do chinh xac cao trong cudc
song.

Keywords— Cam bién quang, nhiét do, cach tr Bragg
soi FBG, nhiéu xa, mo6 phong sd, hé s6 hiéu dung.

l. GIOI THIEU

Tét ca chung ta déu st dung cam bién nhiét do trong
cude song hang ngay cua minh boi nhiét do 1a mot thong
so hoéa Iy va thong s6 moi truong rat quan trong trong cudc
sng. Chung ta c6 thé ké ra cac cam bién nhiét 1a nhiét ké
dé do nhiét do than thé con ngudi, may nudc nong gia dinh,
10 vi song, tu lanh, bép niu an hodc may diéu hoa khong
khi. Théng thuong, cam bién nhiét do co rat nhidu ung
dung dé do luong va giam sat thong sd nhiét d¢ linh vuc
giam sat dia k¥ thuat, y sinh, nong nghiép, cong nghiép [1]-
[4].

Cam bién nhiét do 1a mot cong cu don gian dé do muc
d6 nong hoac mat va chuyén n6 thanh mot don vi c6 thé
doc dugc. Cam bién dién nhiét d6 1a mot thiét bi phd bién,
dién hinh l1a cdp nhiét dién hodc may do nhiét d¢ dién tro,
cung cip phép do nhiét do & dang c6 thé doc dwoc thong
qua tin hiéu dién. Nhiét ké 1a dang co ban nhét ctia dong hd
nhiét d§ dung dé do mue d6 noéng va lanh. Mot cdp nhiét
dién TC (thermocouple) dugc lam tir hai kim loai khac
nhau tao ra hiéu dién thé ty 1¢ thuan voi sy thay ddi cua
nhiét d6 [5],[6]. Mot may do nhiét d¢ dién tr6 RTD
(Resistance Temperature Detector) 1a mot bién trg thay d6i
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dién trd cia no ty 1¢ thuan vai sy thay ddi nhiét 46 mot cach
chinh xéc, c6 thé lap lai va gan nhu tuyén tinh thuong duoc
sir dung dé ché tao ra dong hd dién do nhiét d6 [7]. Mic du
cac thiét bi dién tir cam bién nhiét do hién nay duoc ché tao
hang loat bang cic cong nghé nhu RTD, TC, cam bién ban
dan, véi gia thanh ré nhung van ton tai nhidu diém yéu nhu:
d6 chinh xac tuyén tinh thap, do phan giai khong cao, dap
tng bién ddi cham, kich thuéc kha 16n, dai nhiét do do
khong cao va dic biét 1a anh huéng manh béi nhiéu dién tir
lam giam cap chinh xac nén trong nhiéu tmg dung doi hoi
d6 chinh xéc cao va dap tmg nhanh thi khong dat yéu cau
can thiét.

Cong nghé cam bién di bi thong tri boi cam bién dién
trong nhiéu thap ky. Tuy nhién, c6 mot s6 tinh ning ma cac
cam bién thong thuong can cai tién dang ké bao gdm do
nhay véi nhiéu dién, ton nhiéu coéng di day cap, v.v. Do
thoi glan hoat dong ngan nay, cac nha nghlen clru trén toan
thé gi6i da phdi no lyc rat nhleu dé cai tién cac cam bién
tmyen thong Do d6, nhitng nd luc nay da tao ra mot thé hé
cam bién mai khac nhau bao gom ca cong nghé sgi quang
duoc goi 1a cam bién quang soi FOS (fiber optic sensor).
Gan day, cam bién nhiét d6 quang hoc co thé mang lai
nhing loi thé quan trong. Ching c6 thé hoat dong trong
pham vi nhiét do rat rong, dd chinh xac cao, khong nhay
cam voi nhiéu dién tir va khong can cap dién (diéu nay rat
quan trong ddi véi mot sé ung dung dién ap cao, noi can
ste dung vat li€u cach dién). Déc biét, cac cam bién nhiét
d6 bang phuong phap quang hoc hoat dong toc do bang
thong cao va do phan giai cao 1a nhimg uu diém cyc 16n.
Co mot sO cong ngh¢ cua cam bién nhiét quang dua trén
cac ciu trac nhu: budng vi guong cong huong Fabry-Perot
[1], [8], [9], cic cam bién quang soi dua trén tan xa
Rayleigh [10],[11], tan xa Brillouin [12]-[14] hay tan xa
Raman [15]-[18] c6 d6 phéan g1a1 cao nhu’ng dat tién vi can
cac co ché ciu tao va st dung céc hi¢u ng tan xa phuec tap.
bdc bi€t thong dung pho bien hién nay gia thanh re la cac
cam bién nhiét d6 bang quang hoc dya trén soi cach tir
nhiu xa Bragg [19]-[22]. Cam bién cach tir ‘Bragg soi
FBG (fiber Bragg grating) da dugc st dung dé phat hién
bién dang, nhiét o, cam bién do 4 am cam bién tham sb vat
ly v.v. v6i mot sb wru diém nhu mién nhidm véi nhidu dién
ttr, 0 phén gidi cao, cho vi du, cach tir sgi quang FBG
thuong cam bién nhiét 6 c6 budc song Bragg gén 1550
nm ¢ d6 nhay nhiét do cao, dic biét kha ning d& dang ché
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Hinh1. Cdu triic ciia mét cach tir Bragg soi.

tao v6i gia thanh thdp boi tuong thich cong nghé ché tao
soi quang vién thong [23].

Bai bdo nay trinh bay nghlen ctru hoat dong cua soi
FBG va dé xuat ung dung soi cach tir nhiéu xa Bragg cho
thiét ké va mo phong s6 cdm bién nhiét d6 véi d6 nhay cao
thong qua cong cu thiét ké cau triic quang tur GratlngMode
va cong cu mod phong hé théng quang hoc OptSim ctia phan
mem thuong mai hoa Rsoft.

Il. NGUYEN LY HOAT DONG CAM BIEN CUA
CACH TU BRAGG SQI VA PHUONG PHAP
NGHIEN CUU

Mot céch tir Bragg soi FBG bao gom mot cau trac diéu
ché ¢o tinh chu ky tuan hoan cua hé s6 chiét suat doc theo
16i cua soi trong mdt s¢i quang don mode. Kiéu nay bao
gom céc cach tir soi 1a cc cdu trac cach déu nhau va dong
nhat trong mot ving soi, noi ma pha (phase) phla trude la
Vuong gdc vai truc chinh truyen song cua sQi voi cac mat
phing cach tir ¢ chu ky khong dbi, la dugc xem nhu khoi
x@y dyng co ban cho hau hét cac cau tric cach tir Bragg.
Hinhl mé ti cdu trac co ban cia mot cach tu nhiéu xa
Bragg s¢i voi cdc tin hi€u phan xa va truyén di khi dau vao
la mot nguon phé bang rong BBS (broadband source). Nhu
dugc thé hién trén Hinh1, cach tir Bragg s¢i FBG c6 duong
kinh 18i 2r c& 5+8 pm va c6 16p vo (cladding) duge ché tao
tur vat liéu silica (SiO2) voi chi€t sudt Ny ~ 1.45 & bude song
1550 nm, chlet suét 15 Nz cling tur silica nhung pha tap thém
cdc nguyén to nhu Ge dé lam tiang chiét suat v6i murc chénh
1éch chiét sudt 16i (core) vo ¢& tir 0.01+0. 05 dé hd tro hoat
dong don mode. Céach tir & 13i co chiét sut nz 16n hon n;
va c6 chénh léch An =n, —n,cd 0.0003+0.002. Lép 4o bao
vé duoc ché tao tir plastic hay 16p phu polymer. Chu tric
16i duge ché tao thanh cac cach tir véi chu ky tuan hoan véi
N cach tur (N thuong 16n ¢ hon 1000) va c6 khoang be day
cach tir A ~ 0.5 pm. Mot ngudn phd rong duge truyen vao
dau vao s& c6 mot phd hep budc song phan xa véi bude
song cong huong duoc goi 1a budc song Bragg |, , phd
truyén di vé& phia dau ra 1a phé thiéu hut di phan phé véi
budce songl

Theo luat Bragg, cach tir s€ chi phan xa mot budc song
riéng dugc goi 1a bude song Bragg va dugc xac dinh bdi hé
thirc:

I B 2neffA (1)

O day, A 1a chu ky cach tir va neg 13 hé s chiét sudt hiéu
dung cua 161 sgi quang. Khoang cach budc song gilra cuc
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Ps(hs)

Cong suét bi phan xa [Ps(1)]

’s | Budcséng, i
AL

Hinh2. Két qud phdn tich si phu thudc ham ciia cong sudt
phdn xa theo budc song va dinh tai budc song cong huong
Braaa.

tiéu dau tién (xem Hinh2), hodc bang thong Al la (trong
gidi han cach tor manh) dugc dua ra boi

2Anh
Al = = 2
20, @

& ddy An=n,—n,la su chénh léch trong h¢ sé diéu
bién chiét suat 15i ciia cach tir vah la ti 1¢ chia cia cong
sudt trong 16i. Do 6, d6 sau cua diéu ché chi s6 xac dinh
pham vi cua budc song phan xa A/ Dbi vai cach tir dién
hinh 14 tir 10 dén 107*. Luu ¥ ring cach tir phan xa 4nh
sang trén mot phan nho nanomet vi | g thuong khoang 1

pm. Do d6, tinh chat nay cling 1am cho cach tir rat hitu ich
trong cac hé théng vién thong cap quang bén canh Gng
dung cam bién.

Luu ¥ rang gia tri gan ding nay khong ap dung cho cac
cach tir yeu trong d6 chiéu dai cach ti, L, 1a khong 16n

khi dugc so sanh véi |, /An.

Phan xa dinh P, (I ;) dwoc xap xi boi cong thirc [24]:

R,(1) ~ tanh’ [M} @)

2

O day, N 1a sb cach tir. Phuong trinh ddy da cho cong
suét bi phan xa Py (l 5) dugc viét chinh xac nhu sau:

sinh? [h(\/)An 1-T? I\:A}

R(l)= NA (4)
cosh® [h (V)An1-T? I} -I
Vi
1 |
r{)= hv)an {E_d ®)

Hinh2 thé hién sy phu thudc ham theo budc song cua cong
sudt bi phan xa thu dugce tur biéu thire (4). C6 thé thy rang,
cong suat phan xa cyc dai tai bude séng cong hudng Bragg
I ;. Blip song chinh c6 d6 rong bang théng AL dugce xac

dinh tir hé thire (2). V&i cac ciu trac hinh hoc ¢ ban kinh
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khac nhau, hé sb chiét suat 16i ¢ chénh léch An=n, —n,
khac nhau, chu ky céach tir A khac nhau hay s6 luong cach
tir N khac nhau thi budc song Bragg va bang thong ciling
khac nhau. Twong tu, tiy thugc vao cau triic ma h¢ so phan
chia ty sb cong sudt h , vn dic trung cho hiéu suat truyén

dat tuong (101 o v6i mirc cyc dai ma cong sut phan xa
dinh c6 thé dat cuc dai 1a bao nhi€u (phén tram). Vi du,
trong ung dung thong tin quang, mong muon phan xa budc
songl 5 t6t thi ham P, (I ;)dat cang gan 100% thi chét
luong thong tin cang tot.

Mot tham s ciing quan trong dic trung cho phd bip séng
chinh chinh duogc goi 1a FWHM (full width at half maxum)
ctia phd bap séng chinh. FWHM c6 dinh nghia Ia hiéu giita
hai gia trj clia bién doc 1ap ma tai d6 bién phu thudc bing
mot nira gia tri 16n nhat cta nd. Xét trong biéu dién pho thi
FWHM la khoang bang tan giira hai diém ma bién do dinh
giam di mot ntra (hay chung ta quen goi la bang thong 3-
dB vi 10*l0g10(0.5) = 3).

Su cong hudng cua cach tir Bragg phu thudc vao tinh
chu ky ctia cach tir, sai khac chict suat 18i-vo cta soi, ban
kinh hinh hoc 13i r va chiét suat hiéu dung cua 161 sgi va co
thé bi thay ddi lién quan dén cac hiéu img tac dong ngoai
b6i su thay ddi cua sy cang va nhiét d6. Sy dich cua budce
song cong huong Bragg c6 thé duoc xac dinh boi biéu thirc

nhu sau [25]:
B

+ia+

][az (P +P )]}AeT

d neﬁ (6)
dT_ [LAT

neff

Alg =2n,A

Trong d6, Ae; va AT tuong 1’1’ng 1a su thay ddi sirc cang va
nhiét d9, P” (1,j=1,2) la cac h¢ s0 Pockel cua tensor quang,
n 14 hé s6 Poisson, « 14 hé s6 khai trién nhiét cta vat lidu

dngg

dT
clia 15i s¢i (v6i phan chiét suat vat liéu xay dung nén cach
tir) theo nhiét do chinh 1a hé s6 nhiét- -quang (thermo-optic
coefficient) ctia vat li¢u silica pha tap mot sO oxit dé tao ra
16i cua FBG, dugc ldy bang gia tri xap xi v6i cac hé sb
tuong ung cua vat li¢u silica thuan (Si0y). Véi vat lidu
silica thuan nhét, & budce song cong tac 1a 1550 nm thi céac
hé s6 trién khai nhiét va hé so nhiét- -quang da dugc cac két
qua do luong thyc nghlem xéc dinh 1an luot 1a a= 0.55X

10°/°Cvaz =8.6x10°/°C.

So1, =z la gia s6 cua bién doi chiét suat hi¢u dung

Véi luu ¥ rang: |, =2n, A, n6i chung, biéu thirc tir (6) ¢6

thé viét gon ¢ dang [26]:
Al

I—Bz(z +a)AT +(1-P,)Ae, 7

B

O day, P, ~0.22 1a h¢ s6 quang dan hoi (elasto-optical

coefficient) ddi v6i vat lidu oxit SiO2 & bude sdng 1550 nm.

Nhu vay, soi FBG c6 thé cam bién df‘)ng thoi dugc su thay
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d6i nhiét d6 va cam bién duoc stc cang (suc cang nay phu
thugc theo nhi€t d¢ va ca ap luc cua h¢ s6 quang dan hoi)
cua 13i soi. Tuy thuc té ap dung, néu khong xét den cam
bién vé& mat sirc cang thi thanh phan nay s& khong xuét hién
(Ae; =0) va do vay, chiing ta thu dugc biéu thitc cam bién
theo quy luét tuyén tinh [26]:

& =(z +a)AT (8)

B

Bang cach do luong khodang dich bude song cong
huong Bragg theo su bién doi twong dbi cuia budc song
Bragg chiing ta s€ xac dinh duoc khoang thay d6i nhiét do
mdt cach ty 1& tuyen tinh. Chiing ta c6 thé thay cach tir
Bragg soi c6 thé cam bién nhiét do va sic cing mot cach
dong thoi. Clng vy, khi chuyén ddi tac dong ngoai mot
tham s vat ly ma chuyen hoa thanh strc cang hay nhi¢t do
thi soi FBG c6 thé cam bién dugc nhiéu yéu t6 hoa Iy khéc.

Chung ta da trinh bay nguyén Iy hoat dong cta ciu tric
cach tir Bragg soi va kha nang cam blen nhiét d¢ da duogc
trinh bay theo phén tich ly thuyet vé mit toan hoc. Tuy
nhién, giong nhu truong hop truyén song trong soi quang,
cach thirc hanh xtr cua tin hi¢u quang truyen qua soi tuan
theo nhimg déc trung cua phuong trinh vi phan béc hai phi
tuyén 1a phuong trinh Schodlnger phi tuyen NLS
(Nonlinear Schodlnger equation). O do, chiét suat hiéu
dung neft chi co thé c6 nghiém xap xi théng qua 161 giai
bang phuong phép sb. Ciing vay, cac dic tinh truyén dan
hay phan xa theo m6 hinh quan h¢ truong dién tir hay mach
dién tr thi phai duge nghién ctru bang ma trén tan xa. V&
phu’o’ng dién cac phuong phap sd clia toan 1y, phuong phap
mo phong vi phan hitu han mién thoi gian FDTD la phuong
phap chinh x4c va day du nhat dé nghién ctru vé quang song
va truong dién tir. Tuy nhién, phuong phap nay can ti€u ton
thoi gian va tai nguyén mo phong 16n nén ¢ thé khi giam
sat cac yeu to truong dién tur trong cau trac 16n s€ vuot qua
kha nang cua hé thong vOi sy gidi han vé tai nguyén tinh
toan va nang lyc vi xur ly. D& nghién ctru cach tu, ngoai
viéc su dung phufong phip FDTD hay phuong phap truyén
chum BPM dé tim chiét suat hiéu dung, mot phuong phap
dua trén ly thuyet ghép mode CMT (coupled-mode theory)
va ma tran truyén dan duoc sir dung dé nghlen ctru dac tinh
cua cac bién doi Fourier gitra mién thoi glan va mién tan
s6 dé xéac dinh cac dac trung budc song cong hucmg Bragg

l'5,phd Al cia cau trac FBG, hay dich tin sé cong huong

Bragg Al,

tuong tac gitra cac thanh phan bién do trlrong ngang tu do
cho mot 6ng dan song dugc x40 tron va cam tmg dién tir
theo quan hé ctia cap phuong trinh vi phan nhu sau
[27],[28]:

. Theo 1y thuyét ghép mode CMT, quan hé

do,) _ 3 [(on k)o@ |
B
®0_3 Ko kpu)an@e® |
Rk )by (2

Trong do, f 1a hang s6 lan truyen a va b tuong ung bleu
dién cho bién do cua mode tién va lui theo phuong truyen
s6ng z, p va m 1a chi s thir tu (hay bac) ctia mode thir p va
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thir m tuong tac v6i nhau. HE phuong trinh vi phén trén ngu
y truong phu thudc thoi gian theo ham diéu hoa cua hang
sO truyén séng va phuong truyén song. Hé s6 ghép mode
k p.m Cla cac mode bac p va m dugc xac dinh nhu sau:

j [ (%, ,2) =0, (%, ) o (% ¥) €, (X, Y)DS

S
[eo (6 ¥).xh, ,(x,y)dS
S

t
Kom =

N'|%

(11

kz — “BO*
p.m
2

2 , n,2(xy)
Jnteeya-nitxn] 2 5 e

Jeus O y)xhy, (x, y)ds

2o (X ¥)€, (X y)dS

(12)
Trong d6, ta ky hiéu e va h la cuong do cua truong dién va
truong tr (1a cac dai lugng véc to) va S 1a dién tich khong
gian phan bd truong dién tir, N, (X, Y, Z)la ham chiét suat
theo truc toa do cua cach tu, n, (X, y) 1a ham chiét suét &
mat phéng cit vubng goc truc z (trc mit phang Oxy) cua
chiét suat 16i.
Phuong trinh vi phén thong thuong két hop (11) va (12) ¢6
theé dugc biéu dien dudi dang ma tran nhu sau:

alo) Lz

0 déy, C 1a ma tran cua cac hé sé ghép. Gia thiét C 1a doc
lap voi Z trong mot khoang (z1, z2). Ma tran C ¢6 mdt dang
xép chdng gia tri riéng:

(13)

C=U'DU (14)

O day, D 1a ma tran dudng chéo thyc va U 1a chuyén vi cia
ma trin véc to riéng (eigenvector matrix). Do do, ching ta
thu duoc ma trén truyén dat T cua mdt cau truc mach 4 cuc
trong khoang (21, z2) bdi quan hé:

u u

=T 15

[V)Zl (ijz ( )
Phan phan xa dugc dinh nghia 1a [29]:
v(z,d)

d)= 16

((20)= (19)

Trong d6 d dac trung cho phan ty 1€ voi su khac biét gilra
song tdi va tan sb Bragg va ho so cach tua phuc q(Z) ma hda
tat ca thong tin v€ qua trinh thay dbi vé bd vién va canh
trong cic vong nhiéu xa trén bé mit quang hoc
(apodization) va su dich chirp ctia cach tu.

Tir day, chiing ta tim ra quan hé ciia hé sb ghép mode nhu
sau [29]:

207
k(z2) == ,d)dd 17
(2) pir(z) (17)
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Nhu vay, cAu trac cach ttr co thé duoc xay dung lai va dac
tinh hoéa tirng budc mot bang phuong phap so.

Dé ché tao FBG, soi cam quang duogc tiép xtic voi anh
sang cyc tim cuong do cao, tao thanh sy thay d6i tuan hoan
chiét suat cua 16i soi. Kiéu nay, hay cach tu, phan anh mot
budc song anh sang cu thé phu thudc vao chu ky, A, cua
cau hinh chiét suat dugc hinh thanh trong 13i. Trong hoat
dong co ban nhit ciia n6 nhu mot cam bién, chi sb diéu ché
bén trong FBG bi thay d6i boi mot kich thich bén ngoai,
dan dén su thay d6i bude song duge FBG phan anh. Bing
cach do su thay d6i ctia budc song phan xa, kich thich bén
ngoai ¢6 thé duoc xac dinh.

Céach tir soi quang Bragg duoc tao ra bang cach "ghi"
hodc "ghi" sy bién thién c6 h¢ thdng (dinh ky hodc khong
theo chu ky) cua chiét sut vao 181 cua mot loai sgi quang
dac biét bang cach sir dung nguon cuc tim (UV) cuong do
cao nhu tia UV. Hai quy trinh chinh duogc st dung: can
thlep va che gidu. Phuong phép thich horp hon tuy thudc
vao loai lu6i duoc san xuat. Mic di soi quang polyme bt
dau dugc quan tim nghién ciru vao nhung nam 2000,
nhung soi silica pha tap germani dugc s dung phé bién
nhit (dé tang chiét suat), lam cho né trd nén nhay quang
trong tia cuc tim (UV) [30]. S¢i pha tap germani c6 tinh
cam quang, ¢6 nghia 1a chiét suit cua 15i thay d6i khi tiép
xuc v6i tia UV. Mirc d6 thay dbi phu thudc vao cudng do
va thoi gian phm sang cung nhu do nhay sang cua soi
quang. Cu thé, cdm quang c6 nghia la t1ep xuc voi tia UV
s€ gay ra sy thay d6i chiét suat vinh vién. Dé viét mot soi
¢6 hé s6 phan xa cao, cach tr Bragg truc tiép trong soi, mirc
dd pha tap voi germanl can phal cao. Tuy nhién, cac soi
tiéu chudn c6 thé duoc sir dung néu d6 nhay sang duoc ting
cuong bang cach ngam trude soi trong hydro. Trong mot
s0 truong hop, d6 nhay quang dugc tao ra hoac tang thém
khi nap hydro.

Phuong phgip phé bién nhit dé ché tao FBG la cho soi
cam quang ti€p xtc vdi mau ria giao thoa trong anh sang
UV. biéu nay thuong duge thue hién bang cach hudng dau
ra ciia may cit laser qua mat na pha (vé co ban 1a cach tir
nhleu xa). Mit na pha lam nhiéu xa anh sang laser t6i thanh
nhiéu thtr tu khac nhau, ching chdng 1én nhau va giao thoa
quang hoc véi nhau trong vung lan can mat na. Sy giao
thoa nay tao ra cac vung dung yén, xen k& cua cuong do
laser cao va thap c6 khoang cach bang khoang thoi gian
mat na pha hodc mot nira gia tri ndy, tuy thudc vao hinh
dang phoi sang chinh xac [31].

Trong khi qué trinh nay la don gian vé mat khai niém,
trong thé gioi thyc c6 mot s0 rao can dang ké can vugt qua
khi san xuat FBG. Pau tién 1a chi phi, cu thé 13 cua may
kich thich laser (Iaser exmmer) cling nhu mit na pha. Tiép
theo 1a gitt va dinh vi tat ca cac thanh phan sao cho cach tu
c6 khoang cach chinh xac va cac dac diém bién doi chi sd
cd the duogc tao ra ¢ chinh xac vi tri chinh xac doc theo sgi.
Va, néu myc tiéu 1a tao ra mot so lugng 16n FBG véi m01
loai ¢6 dic tinh nhat quan, hé théng phai c6 mot so cach dé
thich tmg v6i cac bién thé hang loat trong chi sé cta soi
quang dugc su dung.
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Hinh 3. M6 phéng déc tinh phé phdn xa va bude
séng cong huong Bragg tai chu ky A =0.5 um va
An=0.0012 cho (a) N=10000 va (b) N=50000.

lll. THIET KE MO PHONG SQI FBG CHO CAM
BIEN NHIET PO VA DANH GIA DAC TiINH QUANG

Trong phan nay, mot thlet ké mo phong s6 cho mot cam
bién nhiét do dya trén chu triac FBG duogc dé xuat va mo
phong s6. Pau tién, chung ta xét soi FBG véi dudng kinh
16i 14 d=2r= 5,25 um va ¢o lop vo day 125 um theo tiéu
chuan twong thich soi quang vién thong Lop vo duge ché
tao tur thuy tinh silic oxit SiO2 (silica) ¢6 chiet suét 13 1,45.
Soi duoc che, tao theo kiéu hd so chénh Iéch 16i-vo theo
ki€u chiét suat bac. Lép 161 duge ché tao bang silica pha
tap silicon tetrachloride (SiCls) va phosphorous
oxychloride (POC13) dat dwoc chiét sudt n=1,458 (tirc 1a
An,_, =n, —n,=0,008. Dé tao cach tir theo chu ky, k¥ thuat
“ghi” bang tia UV dé diéu ché chiét sut 16i theo chu ky
cach tr A=0,005 um véi cac vach cach tir hinh chit nhat
(grating profile) va vai su nhay chiét sudt An =n, —n,nam
trong dai khoang 0.0003 dén 0.0012 béng cach pha tap
germanium tetrachloride (GeCI4) Luu y rang cac gia tri
chiét sudt nhéc dén 1a xét & budce song 1550 nm.

Str dung cong cu mo phong GratingMode ciia phan mem
thuong mai hoa Rsoft, chung ta khao sat dac tinh phé va
budc song cong huong ctia nhidu xa Bragg cua cAu trac da
d@& xuit. Cac tham sb mo phong dugc thiét 1ap do rong chu
ky cach tir (grating pitch) A=0.5 um, d¢ sau diéu che cach
td An=n, —n,=0.0012. Hinh 3(a) cho thay khi so luong
cach tir N=10000 thi budc séng cong huong dé c6 phan xa
Bragg la |,=1.45261 uym (nesi= |, /2A =1.45261), hiéu
sut tai budc song Bragg 1a Py(l5)=100% va do rong
FWHM la 0.000815861 um. Khi N=50000 va véi Cung
diéu kién, budc song cong huong dé co phan xa Bragg van
gilt nguyén 1al; =1.45261 um (ner= |, /2A =1.45261),

hiéu suét tai budc song Bragg van 1a Py (l B) =100% nhung
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Hinh 4. M6 phéng déc tinh phé phdn xa va dinh buée song Bragg
6 1550 nm tim ra chu ky A cua cach tir tai (a) An=0.0003,
N=10000; () 4n=0.0003, N=50000; (c) 4»=0.0012, N=10000;
(d) 4n=0.0012, N=50000.
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Hinh 5. M6 phong s6 cho ho so phdn bé chiét sudt hiéu
dung nefi trong cau tric FBG.

do rong FWHM nho hep hon mot chut 1a 0.000806861 Hm
do xuét hién nhiéu bip song phu rat hep hon don sat can
bap chinh.

Gia sir chung ta mudn tim ra cach tir véi chu ky A ma
tai do, budce song cong huong d€ co phan xa Bragg la 1550
nm thi mo6 phdéng s6 tim ra gia tri hiu dung va tuong tng
1a chu ky cach tir. Hinh4 thé hién cac két qua mo phong khi
budc song phan xa mong muédn | ; =1.55 pm véi vai gia tri
ciia céc bién sd khdo sat. Cu thé, véi An=n, —n,=0.003,
H|nh4(a) cho thay khi N=10000 thi phd bude song Bragg
rong va chi dat hiéu suit dinh khoang 0.9 (90%) khi tang
N 1én 50000 thi hi¢u suat tai dinh dat gia tri 100% va
FWHM hep hon nhu thé hién & Hinh 4(b). Tuong tu, khi
tang An =0.0012, véi N=10000, Hinh 4(c) cho thay hi¢u
sudt tai budc song Bragg dat 100%, do rong phd FWHM
hep hon so véi An=0.0003 nhung rong hon mot chit so
voi truong hop cta Hinh 4(d) la duge xét véi N=50000.
Nhu vay co the thay rang, cang tang s0 lwong cach tir va do
sau diéu ché chiét suat, phd Bragg cang hep va hiéu suat
dinh cang cao.
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Hinh6. Hiéu nang quang hoc theo sw phu thugc ham vao dé
sdu diéu ché hé s6 chiét sudt An cho: (a) buée song phdn xa
Bragg; (b) hé s6 hiéu dung; (c) cong sudt dinh tai buéc song

cong huong Bragg phan xq, (d) dich budc song Bragg.

Mo phong s cia biéu dién phan b hé s (chiét suit)
hi¢u dung cua 13i cach tir dugc thé hién nhu HinhS. Theo
nguyén ly vé mode quang va truyén song trong soi quang
[32] chiét suat hi¢u dung ludn hon 16n hon chiét suat 16p
VO (claddmg layer) nhung nho hon gia tri cyc dai cua chénh
léch cac chiét suét, nghia la:
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Hinh7. Hiéu nang quang hoc theo dap Li'ngphof budc song
cho: (&) FWHM, (b) chu ky cdch tir twong vmg diéu kién cong
huwong Bragg va (c) chi so chiét suat hiéu dung.

N <Ngg <N+ (N, =)+ (N —n,) =ng (18)
HinhS5 cling thé hién sy phan bd chiét sudt tudn hoan dung
nhu cau trac cach tir voi chuky A=0.5 um.

Tiép theo, chﬁng ta khao sat cac ,daflc trung quang hoc
thong qua cong cu md phong s6 CMT tu cong cu
GratlngMode clia phan mém Rsoft. Hinh6 thé hién két qua
mo phong cua céc dac trung quang hoc cua cdu trac FBG
da de xuat voi N=50000 va A= 0.5 um theo sy bién d01
ham cua diéu ché chiét suét 13i cach tir (An) tir 0.0003 dén
0.0018. Hinh6(a) thé hién budc song cong huong Bragg
tang theo sy tang véi do dbc bac cao hon béac tuyén tinh
cua didu che chlet suat 161 va tuong ung & Hinh6(b) cho
thdy hé sb (chiét suit) hiéu dung cua cach tir cling tang ty
1¢ thuan nhu sy ting budc song Bragg (vi A khong doi).
Hé 56 do sau dleu ché chiét suét ting ciing s& lam ting hiéu
sudt cong suat hay bién d¢ tai dinh budc song cong huong
Bragg. Hinh6(c) cho thay d6 dbc khi An tang tur 0.0003 dén
0.0006 thi higu suat tir khoang 94% ting dén gia tri bio hoa
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cuc dai 100%. Ciing vay, khoang dich giita cac budc song
Bragg Al ; ciing la ham téng theo An véi sy tang gan nhu
tuyén tinh.

Dép tmg budce song la mot dac tinh dong quan trong cla
mot thiét bi hay h¢ thong, n6i 1én sy bién ddi ctia cac tham
so quan trong d6i voi sy phy thude theo bude song (hoac
tan so). Trong hé théng quang hoc tmg dung, cac laser
thuong mai c6 cac budc song & nhiéu tan sb khac nhau.
Trong thong tin quang s0i, co ba budc song phd bién 1a
850nm, 1310nm va 1550nm. Dé nghién ciru dic tinh quang
quan trong cua s¢i FBG dung cho cam bién da duoc dé
xuét thiét ké, chiing ta xem xét sy bién ddi cua tham s6 do
rong tai nua dinh bién d0 FWHM, chu ky céch tir tuorng
ng v6i diéu kién phan xa cong huorng Bragg va chi s0
(chiét suat) hi€u dung theo dép ung phd bude song tir
850nm dén 1630nm boi mé phong s6 CMT nhur dwgc trinh
bay trén Hinh7. Hinh7(a,b,c) duoc vé tir dit liéu mo phong
qua cong cu GratingMod bdi phuong phap CMT ung véi
mot sO diéu kién da chon tai N=50000, An=0.0012 cho thy
rang, voi két ‘qua tr Hinh7(a) thi FWHM cua s¢i FBG tang
tir 0.64nm dén 0.815nm khi budc song tdng tir 850nm dén
1470nm, gitr bdo hoa khi budc song nam trong dai
1470nm+1530nm, 10i sau d6 giam nhe dan xuong 0.81nm
khi budc song nam trong khoang tir 1530nm dén 1630nm.
Trong khi do, két qua trén Hinh7(b) chi ra sy ting gan nhu
tuyen tinh cua chu ky cach tr tuong ung bude song voi
cOng huong Bragg, dleu nay duoc 1y giai 12 boi vi bac cua
diéu bién hé s6 chlet suat clia cach tir thiét ké dugc chon la
ham bac nhat va chiét sudt hiéu dung cta soi thay ddi tuyén
tinh rat nho ciia soi FBG nhu duoc thay trén Hinh7(c).

Cubi cung, dé do luong sy cam bién nhiét do, chling ta xay
dung hé thdng thiét 1ap bang cong cu md phong hé thong
Rsoft OptSim dé khao sat ddc tinh cam bién nhiét do.

Hinh8(a) mo ta mot hé théng voi ngudn phat bang rong
BBS tir mot laser song lién tuc (CW laser) duoc thiét 1ap
tai gia tri trung tam la 1550nm. Sau d6, hé thong duogc thém
mot ngudn nhidu phét xa ty phat duoc khuéch dai ASE
(Amplified spontaneous emission) va qua mét cach tir chu
ky dai LPG (long-period grating) trudc khi qua vi mach
cam bién nhiét do duoc dé xuét dua trén cach tu nhiéu xa
Bragg s¢gi FBG. Hé thong thiét 1ap trong sy vang mit cia
ngoai lyc 1a strc cang. Cudi cung, h¢ thong quan sat Cong
suat quang thu duoc theo cong sudt 12 ham bién d6i cua
nhiét do. H1nh8(b) thé hién két qua do duogc tai may thu
cong sudt quang va bd hién thi da cong, da chue nang qua
th1et 1ap m6 phong hé thong. Két qua chay mé phong cho
thay rang, trong khodng do nhiét do tir ddi 110°C tir -50°C
dén 60°C, bién dong cong sudt giam do cong déu kha gin
tuyén tinh theo su ting nhiét do véi bién dong chi 5x10°

W = 50 uW. Nhu vay, do phan giai co thé xap xi 50
uW/110°C =~ 0.45 pW/°C Chung ta ciing c6 thé thay tur
Hinh7(b), ¢ phén giai cuia hé thong 14 rat cao v6i dung sai
+107° W =+1 pW, tuong tng +1 % cho mdi gia tri nhiét do
do. Mot vi du cho kich ban tmg dung cua FGB str dung
duoc trong thuc té vai vai trd cam bién chinh cia mot dong
hd do nhiét do ty nhién ngoai troi duge thé hién trén
Hinh8(c). Ngudn nhiét do trong kich ban nay 14 truc tiép tur
anh sang mat troi va duge xéac dinh bang nhiét ké thuy ngan
tiéu chuan. FBG dugc dit bén trong mot ong thuy tinh hoat
dong nhu mét nira cua FBG dé 1am cho n6 6n dinh trong
gia do Perspex. Sau do, nguon laser tir bo laser c6 thé diéu
hudng (TLS: tunable laser source) dugc phong vao FBG
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Hinh8. So dé thiét ldp mé phong do lwdng cam bién nhiét dé
dira trén cdu triic FBG & mirc hé thong quang soi (a), két qua
do céng sudt quang theo cam bién trong ddi nhiét dp tir -50°C

dén 60°C (b) va so do vimg dung ciia cam bién nhiét dya trén
soi FBG trong thuc 1.

va tmyen qua FBG, va két qua dau ra ctia quang phd co the
kiém tra bang cach s dung may phén tich quang phd
(OSA: optical spectrum analyser) [33].

KET LUAN

Dé két thuc, bai bao nay trinh bay nguyén Iy hoat dong cua
cach tu nhleu xa Bragg soi va nguyen 1y cam bién cung dé
xudt thiét ke mo phong sb va danh gia dic trung quang hoc
cua mot céu trac FBG ung dung cho cam bién nhiét do
bang phuong phap quang hoc. Két qua do luong thong qua
mo phong cau triic ¢ mic hé thdng quang soi cho thiy soi
FBG st dung cho cam bién nhiét do c6 dai rong 110°C
trong khoang bién dong chi 50 uW nén c6 do phan giai cao
¢ mirc 0.45 pW/°C va sai so nho chi ¢§ £1 %. Nhimg gia
tri t6t nhu vay ¢o thé dua cau trac thiét ké tiém ning 16n
cho viée ché tao ra cam bién quang hoc d nhay lon va d¢
chinh xac cao trong cac ung dung ctia cudc song.

LOI CAM ON

Nghién C}'ru nay dugc tai trg boi Hoe Yién Cong nghé Buu
chinh Vién thong trong de tai co6 ma s6 HV-2022-bT-12.
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RESEARCH AND NUMERICAL DESIGN OF A
TEMPERATURE SENSOR BASED ON FIBER
BRAGG GRATING

Abstract— In this paper, we present the working
principle and the investigation method on aspects of the
theoretical analysis and the numerical simulation for an
optical temperature sensor which is based on the fiber
Bragg grating structure. Commercially numerical
simulation tools including GratingMode and OptSim tools
of Rsoft’s simulation software have been utilized to
characterize optical performances. Results measured by the
numerical simulation process show that the proposed FBG
structure allows to detect the temperature a wide range up
to 110°C in a small optical power variation of 50 pW with
a high resolution of 0.45 pW/oC and a low tolerance of +1
%. Such a good performance can make the designed FBG
structure a great potential for high-resolution and high-
accuracy temperature optic sensors.

Keywords— fiber optic sensor, temperature, fiber
Bragg grating (FBG), diffraction, numerical simulation
methods, effective index.
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