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TOM TAT

Ngi dung chinh ciia bai bdo dé cdp dén tinh thé quang tir va tmg dung ciia buong vi céng
hiweéng Fabry- Perot c6 cdu triic tinh thé quang tir mot chiéu trong cam bién quang phdn
biét chat long. Bai bdo ndy ndy trinh bay tong quan vé tinh thé quang tir, phirong phdp mé
phong FDTD ciing nhw cdc két qua thwe nghiém vé ché tao va do dac phé ddc trung ciia
buong vi cong hieong Fabry- Perot. Bang cdch quan sat sw dich bude séng cong hwong
trong phé phan xa khi nhiing vao cdc chdt long c¢é chiét sudt khdc nhau, ching ta cé thé
phdn biét dwoc cac logi chat long. Pdy la cac két qua buée dau cho viéc xdy dung cam

bién quang phdn biét chat long khdc nhau sau nay.

Tir khéa: Fabry- Perot, FDTD, tinh thé quang tir.

1. MO PAU

Hién nay cam bién quang 13 mét trong nhitng tmg dung kha quan trong trong kiém soat
va bao vé moi truong[4], thi du nhu chiing dugc st dung dé xac dinh duge cac loai hoa chét va
ndng do cta ching trong méi truong thong qua su thay doi nho cua chiét suat. Cac cam bién
quang dang trén da phat trién va thé hién nhimg wu diém vuot troi nhu kich thude nho, khbi
lugng nhe, dd nhay cao, it bi anh huong boi nhiéu xa tir truong va cé do bén cao trong moi
truong khic nghiét. Do d6 nhiéu cam bién quang c6 kha ning thay thé cic cam bién truyén
théng trong cac tng dung do cac dai lugng vat ly, hoa hoc hay sinh hoc.

Tinh thé quang ti la mot loai vat liéu méi co cAu tric khong gian 1a su tudn hoan cia
cac vt liéu c6 hang sé dién moi khac nhau. Sy bién d6i tuan hoan cua hang sé dién méi lam
xuit hién ving cAm quang (photonic band gap - PBG) trong ciu trac ving (dwoc hiéu 1a mdi
lién hé giita tan sb va s6 séng) ciia tinh thé quang tir[6]. Trong do, tinh thé quang tir mot chiéu 1a
cAu triic ma su tudn hoan cia héng s6 dién moi chi huéng theo mot chiéu xé4c dinh trong khi hai
chidu con lai 1a khong dbi. Budng vi cong hudng Fabry- Perot sir dung céu tric tinh thé quang
tr mot chiéu c6 bude song cong hudng rat nhay voi nhimg thay déi ciia do day va chiét suit cua
cac 16p x6p trong mang. Do d6, thong qua sy dich phd cua budng vi cong huong ma ta cb thé
xéac dinh sy thay déi cua chiét suat néu cho rang chiéu day 1a c¢6 dinh. Dwa vao dic tinh nay
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ching ta c6 thé st dung budng vi cong huong 1am cam bién cho céc chét sinh hoa trong méi
truong 16ng hodc khi..

2. TONG QUAN VE BUONG VI CONG HUONG FABRY- PEROT CAU TRUC
TINH THE QUANG TU MQT CHIEU VA QUY TRINH CHE TAO

2.1 Pic trung budng vi cdng hwéng Fabry- Perot.

Budng vi cong hudng st dung cau tric tinh thé quang tir mot chidu gom 2 tim guong
phan xa Bragg (DBR) nam d6i xtmg v6i nhau qua 16p khong gian. Cau tric cia budng vi cong
huong duge trinh bay trén hinh v& bao gdm DBR;, DBR,; la cac guong Bragg va 16p khong
gian. Ca hai thanh phan guong Bragg va 16p khong gian déu anh huéng manh dén dic tinh cua
budng cong hudng va dudi ddy chung ta s& 1an luot nghién ctru chi tiét cac thanh phan nay
[1,6].

DBR 1 DBR 2
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Hinh 1. Minh hoa cdu tao ciia buong vi cong huong cé cdu tric tinh thé quang tir mot chiéu. Chiét sudt
ciia 16p khéng gian la ns va bé day ciia I6p nay la ds. Lép khéng gian diege dwa vdo gitta hai DBR doi

xitng véi chiét sudt ciia cdc 16p la nH, nL va bé day dy, d,

Twong ty tinh chat tuan hoan ciia truong thé trong don tinh thé chét rin 1am ny sinh ra
ving cidm nang luong, tinh chét tudn hoan ctua ham dién moi trong tinh thé quang tir 1am xuat
hién ving cAm quang ma thé hién trén phd phan xa 1a mot dai budc séng véi do phan xa rat cao
nhu trén hinh 2 [6]. Lép khong gian cia buéng vi cong hudng dugc xem nhu la mot sai hong
ctia tinh tuan hoan ctia ham dién méi trong tinh thé quang tir. Diéu nay tuong Gmg véi trang thai
cho phép trong viing cdm quang ma thé hién trén phd phan xa 1a mot khe hep voi do phan xa dot
ngdt giam xudng rat thap tham chi x4p xi bang khong. Budc séng tmg véi trang thai cho phép
nay dugc goi la budce song cong huong A, . Bude song nay co6 quan hé voi bé day quang hoc
16p khong gian va bé day quang hoc DBR nhu sau.

nyd, 2% hodc n.d, =2, (1

A
nd, =n,d, :% 2
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Hinh 2. Minh hoa phé phan xa buong vi céng hieong c6 hé sé phan xa xdp xi bang khéng g buée séng
cong huong Acy = 508,31 nm.

Budc song cong huong rat nhay voi nhimng thay doi cua bé day vat 1y va chiét suat cua
16p khong gian. No6i cach khac, bé day quang hoc 16p khong gian s& quyét dinh dén budc song
cong huong ciia budng vi cong huong [4]. Cu thé budc song cong hudng s& thay ddi khi budng
vi cong huéng duge nhing vao cac chit 16ng c6 chiét suit khac nhau. Thong qua sy dich pho,

chung ta c6 thé xac dinh chiét sut chat 1ong da nhiing vao.
2.2 Quy trinh ché tao budng vi cdng hwdong Fabry- Perot.

Hién nay phuong phap ché tao tinh thé quang tir mot chiéu dya trén mang Silic x6p da
16p theo quy trinh an mon dién hoa dang rit dwoc quan tim do c6 thé diéu khién twong dbi
chinh xac chiét suat va d6 day cac 16p. Tir d6 tao ra budng vi cong huong nhu ¥ mudn bang
cach tao ra cac khuyét tat (sai hong) trong tinh thé quang tir 1D, tao tién d& cho phat trién laser
hay cam bién hoéa sinh... Silic x0p c6 thé dugc tao ra bang rat nhiéu phuong phap ché tao.
Phuong phap dn mon dién héa 1a mot trong nhirng phwong phap don gian dé tao ra Silic xdp. Cu
thé, viéc dién hoa phién Silic trong cac dung dich c6 chira HF s& tao ra Silic xdp voi cac dic

tinh nhu mong mudn [3,4,5].

HYI:RC)FIJJC)RICMID; r

A FaFs

Hinh 3. Minh hoa qua trinh &n mon Silic theo phuong phap dién hoa
Phuong trinh phan tmg hoa hoc tong quat :

Si+ 6 HF - H,SiFs+ H, 2H' + 2¢e- 3)
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Budng vi cong hudng dugce tao ra bang cach in mon dé tao ra mot guong phan xa Bragg
(DBR) ¢ phia trén véi bé day quang hoc ctuia mdi 16p 1a M4, cac 16p c6 chiét sudt cao va thip
xen k& nhau, sau d6 dn mon mot 16p khong gian v6i bé day quang hoc biang A2 vé6i chiét suat
bang chiét suat ctia 16p co do xbp cao (twong g véi chiét suat thap) va cudi cing dn mon dé
tao ra mot DBR & phia duéi véi cac diéu kién giéng nhu DBR da ché tao ¢ bén trén. Mdi chu ky
bao gdm mdt 16p co d6 xbp thip va mot 16p co do xbp cao, do d6 mot nira chu ky co nghia 1a
ché tao mot 16p c6 do xdp thap [5]. Pé tao ra cac 16p c6 chiét suit thay doi tuan hoan nim xen
k& nhau thi mat d6 dong dién cling dugc thay ddi nhu trong bang sau day, mdi mot mat do dong
dién twong Gmg v6i mot do xSp khac nhau. Ngoai ra, thoi gian dn mon s& quyét dinh bé day cua
mdi 16p[1,2].

Bing 1. Cac diéu kién an mon dé ché tao budng vi cong huong [5]

Mo ta Mit d6 dong (mA/cm?2) Thoi gian (s)
Guong trén 15 6,35
(Chu ky N+0,5) 50 3,63
Lép khong gian 50 7,26
Guong dudi (Chu ky N+1) 15 6,35
50 3,63

Ly thuyét chi ra rang budc séng cong huong ciia budng vi cong hudng Fabry- Perot phu
thudc chu yéu vao bé day 16p vat liéu ciing nhu chiét suat 16p sai hong. Khi nhiing cam bién vao
trong cac cht 16ng c6 chiét suat khac nhau thi cac phan tir chat long sé& lap day cac 16 x6p trong
budng vi cong hudng. Mot cach gan dung ta gia sir bé day vt liéu cac 16p khong thay ddi do tac
dong nay. Tuy nhién chiét suat cua cac 16p cau thanh nén budng vi cong hudng lai thay doi so
v6i ban dau. Két qua 1a budc song cong hudng sé thay ddi ma cu thé bude song nay dich vé
phia budc song dai.

Budc song cong huong khi nhiing vao cac moi truong chiét suat nay nay phu thudc vao

chiét suit va bé day 16p sai hong theo quan hé ned, = ﬂ’ﬂ trong do6 ds dugc xem nhu khong
2

d6i. Su thay dbi chiét sut ng ctia cac 16p x6p phu thudc vao chiét sut chit 1ong nhing vao va

d6 xbp cua cac 16p. Gia tri chiét suat nay dwoc xac dinh tir phuong trinh hiéu dung Bruggeman

theo phuong phéap nhu sau.

O day Silic xbp dugc xem 1a mot hdn hop cua Silic va khong khi, chiét suét cua Silic
x6p du doan s& thap hon so v6i chiét suat cua khéi Silic. Viéc xac dinh chinh xac chiét suat
trung binh cua Silic va khong khi dua vao trong lugng riéng khong phai lic nao cling chinh xac.
Do viéc tron 1an hén hop gdm 2 pha & mot thang chiéu dai nhé hon nhiéu so véi bude song
trong ving kha kién va hong ngoai nén mé hinh méi truong hiéu dung duoc str dung dé xac

dinh chiét suat cua Silic xop. Dién hinh 1a mé hinh hiéu dung dugc dua ra boi Bruggeman

Mo hinh Bruggeman dugc dic trung bdi phuong trinh:
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2 2 2

n.—n : n _ ..—n .

: Si 21"Sl + P : void 2PS1 — 0 (4)
n'g+2n, N a2 b

(1-P)

Trong d6: P 1a 6 xOp- ty phan khdi lugng Silic xdp bi hoa tan trong qué trinh dién hoa
so voi khéi luong Silic ban dau, ng; = 3,42 12 hang sb dién moi cua Silic, nps; 13 hang s6 dién moi

hi€u dung cua Silic xép, Va Nyoiq =112 hﬁng $b dién méi cua cac chd tréng.
Qué trinh tinh toan mo phong su thay ddi phd phan xa tudn theo cic budc nhu sau[4].

- Ta xéac dinh dugc chiét suit cua cac 16p x6p dwa vao budc song cong huong thuc
nghiém ban dau khi chwa nhung vao chét long va bé day cac 16p x6p tir anh SEM (Scanning

Electron Microscopy) theo quan hé ngdg = ﬁ“ﬂ vand, =n,d, = ﬂﬂ .
2

- Xac dinh d6 xép Py va P, 1an luot cua cac 16p @6 xép cao va thép theo cac gia tri hé‘lng
s6 dién moi cua 16p x6p ban dau khi cam bién dugc dit trong khong khi dwa vao phuong trinh
Brugeman. Trong tinh toan mo phong chung ti xac dinh trude khi nhiing vao cac chét long thi
Py= 0,34 va P =0,62.

- Xac dinh gia tri hang s6 dién méi cua cac 16p xbp khi cac 16 xbp (chd trong) duoc 1ap
day boi cac chat 1ong co chiét suit dién moi biét trude ciing dya theo phuong trinh Bruggeman

véi cac gia tri do x0p da dugc xac dinh ¢ trén.

- Xac dinh budc song cong huong khi nhiing cam bién vao chat 1ong theo phd phan xa
mo phdng.

3. Két qua ché tao va do dac trong thuec té

Budng vi cong huong Fabry-Perot ching t6i thiét ké c6 budc song cong huong
Acy =308,31 g voi cac thong sé ddc trung nhu sau:
- Chu ky guong DBR phia trén: N=4,5.
- Chu ky guong DBR phia duéi (16p sat dé Silic): N= 5.
- Bé day 16p chiét suét cao (d6 x6p thap): dH = 49,45 nm
- Bé day 10p chiét suét thip (d6 xbp cao): dL = 71,79 nm
- Bé day 16p khong gian sai hong: dS= 143,59 nm
- Chiét suét 16p c6 d6 xop thap: nH= 2,57
- Chiét suat 16p c6 do x6p cao: nL= 1,77
- Chiét suat 16p khong gian sai hong: nS=nL =1.77

Sau déy 1a cac két qua vé cu trac budng vi cong hudng duoc chup bang phwong phap
cong hudng tir. Mit cat ngang ciia cac guong Bragg c¢6 s chu ky N tuwong tng 13 4,5 va 5. Mdi
mot chu ky bao gdm mot 16p c6 chiét sudt cao va mot 16p co chiét suat thip. PO twong phan
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(sang va t61 hon) ciia cac lop co chiét suit khac nhau thé hién rd trén anh d6 co thé su dung anh
dé xac dinh s 16p va danh gia chiéu day cua mot chu ky (gém 2 16p lién k&) ciing nhu chiéu
day toan bo mang mong. Anh FE- SEM nay ciing 14 mot bang chimg chimg t6 chung t6i da ché
tao cac guong Bragg gdm cac 16p Silic xp co chiét suat khac nhau dugc sip xép tuan hoan theo
mot chieu.

300nm

Hinh 5. a) Anh chup FE- SEM biéu dién trat tu cac 16 xdp trong cau triic
b) Anh FE- SEM cta hai 16p lién ké c6 mét d6 dong lan luot 15 va 50 mA/cm2

Tién hanh do phd phan xa cua budng vi cong hudng khi nhiing vao cac méi trudng chét
long khac nhau bang may phan tich ph6 Cary- 5000 ching t6i c6 két qua dich budc séng thé
hién nhu bang 2. Chiing t6i ¢6 nhdn xét rang khi thay d6i méi truong xung quanh bang cac chat
long c6 chiét sudt ting dan thi bude song cong hudng ciing ting theo. Trong truong hop chat
long dugc nhing vao 1a Ethanol va Axeton thi do dich budc séng gan nhu 13 tring nhau.
Nguyén nhan 1a chiét sudt cia hai chit long nay c6 gia tri gin biang nhau nén do dich phd s& gan
nhu tuong duong nhau. Néu sir dung cam bién nay dé phan biét giita Ethanol va Axeton thi s&
khong phu hop. Do d6 dbi véi cac chat 1ong c6 chiét sut gan nhu nhau thi cach phan biét bang
cach nhing tryc tiép cam bién vao chét 1ong 1a khong hiéu qua.

Bing 2. Bang dbi chiéu budc song cong hudng theo chiét suat moi truong

Dung dich hitu co Chiét suat Budc song
cong huodng (nm)
Khoéng khi 1 508.31
Methanol (99.5%) 1.328 573.62
Ethanol (99.7%) 1.3614 580.06
Axeton (99.5%) 1.3644 580.91
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Isopropanol (99.7%) 1.3776 583.17
Methylene Chloride(CH2CI2) 1.4242 592.01
Toluen (99.5%) 1.494 605.11

So véi két qua tinh toan md phong theo phuong phap sai phan hitu han trén mién thoi
gian (FDTD) thi chung t6i c6 nhin xét ring budc song cong hudng trong ca hai két qua nay 1a
tuong ddi triung hop.

Ha s6 phan xa (%)

(o immimrmimi ==
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Bwéc song (nm)

Thwec nghiém = cceceeiennes Tinh todn md phéng

Hinh 6. So sanh gitra két qua thyc nghiém va tinh todan mo phong phd phan xa cam bién trong khong khi
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Hinh 7. So sanh giita két qua thuc nghiém va tinh toan mo phong quan hé giita do dich budc song
va do thay dbi chiét suat moi truong
Tir két qua thu dugc vé do bude song cong huong, ching t6i tién hanh v& dd thi biéu
dién quan hé gitra d¢ dich budc soéng va do thay ddi chiét sudt méi truong trong thuc té trén co
s& d6i chiéu két qua 1y thuyé. Hinh 7 1 quan hé giita d6 dich budc séng cong hudng va do thay
d6i chiét sudt moi truong trong so sanh giita do dac thuc nghiém va tinh toan mé phong. Ta c6
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nhan xét giira két qua thuc nghiém va tinh toan mo phong c6 mot do sai léch nhét dinh. Tuy
nhién ca hai két qua déu thé hién mdi quan hé tuyén tinh giita d6 dich budc song va do thay do6i
chiét suét.

Qua d6 thi hinh v& ta c6 thé quan sat mic thay d6i cua budc song cong hudng phu
thudc vao su thay d6i chiét suat khi ta cho cam bién nhung trong cac chat 1ong khac nhau nhu
Methanol, Ethanol, Axeton, Isopropanol, Methylen Chloride va Toluen. Tt d6 ta rit ra két luan
db6i v6i chat 1ong c6 chiét suat khac nhau khi sir dung cam bién quang trén co sé budng vi cong
huong bang Silic da 16p xdp thi cho ta nhitng do dich budc séng cong huong khac nhau, tir d6 ta
c6 thé xac dinh duoc phém chét cua chung.

Ngoai ra ching t6i xac dinh d nhay cta cam bién trong céc truong hop chét 1ong khac
nhau va qua dé xac dinh dugc d6 nhay cia cam bién (AMAn) trung binh 1a 198.06 nm/RIU. Do
nhay nay c6 nghia 1a khi may Cary-5000 phat hién su thay d6i budc song 0.1nm thi sy thay ddi
chiét suét t6i thiéu trong 16p Silic xdp 14 5,04.10.

Céc két qua thuc nghiém do dac ciing chi ra rang tai budc song cong huong 508.31 nm
thi chi s6 phdm chét cta cam bién 1a 62,75. Ta c6 nhan xét 1a cam bién str dung c6 sé chu ky
guong DBR 14 4,5/5 nén chi s6 pham chat chi & mirc trung binh. Trong qué trinh ché tao ching
ta c6 thé ting gia tri chi s6 pham chat khi ting s6 chu ky gwong DBR hodc d6 twong phan chiét
sudt. Tuy nhién néu guong DBR qua day thi n6 s& ngin can sy thim thiu cia cac phan tir chit
1ong vao budng vi cong hudng gay kho khin cho viée xac dinh thanh phan chat 1ong.

4. KET LUAN

Trong bai bdo nay ching toi da trinh bay quy trinh ché tao budng vi cong hudng co cau
tric mang da 16p bang slilic xop bang phuong phap dn mon dién héa c6 chiét suit va bé day vat
ly tiy ¥ v6i do dong déu cao c6 ciu tric vi md véi chi s6 pham chét tai bude song cong huong
ACH =508.31 nm la 62,75.

Ngoai ra chung t6i d thir nghiém thanh cong cam bién str dung budng vi cong hudng
¢ cu trac mang da 16p bang Silic x6p voi cac dung dich hitu co khac nhau nhu Metanol,
Ethanol, Isopropanol... Két qua nay 1a kha phu hop véi cac tinh todn md phong bang phwong
phap FDTD.

Tir nhimng két qua thu duoc c6 thé két luan rang: d6i voi budng vi cong hudng dua trén
mang Silic xdp da 16p khi dugc ngdm trong moi trudng c6 chiét sudt cao hon khong khi thi chiét
sudt cua cac 16p dién moi ciing ting 1én. Két qua 1a phd phan xa cam bién dich chuyén vé phia
budc song dai.
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5. LOI CAM ON

Cac két qua ché tao va do dac duogc thuc hién tai phong thi nghiém trong diém quéc gia

va linh kién va vét liéu dién tir thudc vién Khoa hoc vat liéu- Vién Khoa hoc va Cong nghé Viét

Nam. Céc két qua nay hoan thanh dugc sy hd trg vé kinh phi cta dé tai cap Vién Han 1am Khoa
hoc va Cong nghé Viét Nam (VAST) ma s VAST03.06/13-14.

[1].

[5].

[6].

TAI LIEU THAM KHAO

Do Thuy Chi, Bui Huy, Nguyen Thuy Van and Pham Van Hoi, (2011), "Investigation of 1D
Photonic Crystal Based on Nano-porous Silicon Multilayer for Optical Filtering", Communications
in Physics 21, pp. §9-96.

Do Thuy Chi, Bui Huy, Nguyen Thuy Van, Nguyen The Anh and Pham Van Hoi, (2011), "A
microcavity based on a porous Silicon multilayer", Adv. Nat. Sci.: Nanosci. Nanotechnol. 2,
035001.

. Pham Van Hoi, Do Thuy Chi, Bui Huy and Nguyen The Anh, (2011), Silicon—Rich Silicon Oxide

Thin Films Fabricated by Electro- Chemical Method, Ch.2, Book “Optoelectronics - Materials and
Techniques" ISBN 978-953-307-276-0 Edited by Padmanabhan Predeep, Publisher InTech 24.

. Pham Van Hoi, Bui Huy, Hoang Le Ha, Nguyen Thuy Van, Nguyen The Anh, Pham Thanh Son and

Ngo Quang Minh, “Nano- porous silicon microcavity sensors for determination of organic fuel

mixtures”, Journal of the Optical Society of Korea 17, pp. 423-427.

|Bui Huy, Pham Van Hoi, Phan Hong Khoi, Nguyen Thuy Van and Do Thuy Chi, (2011), "Porous

Silicon as a promising material for photonics", Int. J. Nanotechnol 8, pp. 360-370.

John D. Joannopoulos, Steven G. Johnson, Joshua N. Winn and Robert D. Meade, (2008), “Photonic

crystals: molding the flow of light (second edition)”, Princeton University Press, New Jersy.

63



Nghién ctru ché tao budng vi céng huéng Fabry - Perot céu tric tinh thé quang t&» mét chiéu ...

INVESTIGATION AND FABRICATION OF FABRY- PEROT MICROCAVITY BASED
ON PHOTONIC CRYSTAL STRUCTURE FOR OPTICAL SENSOR APPLICATION
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ABSTRACT

The main content of this paper is to focus on representing the preliminary results of
fabrication and characteristics of Fabry- Perot microcavity based on nano- porous silicon
structure. The microcavity fabrication is an electro- chemical etching method on the silicon
substrates, which could exactly control the porosity and thickness of the porous silicon
layers. The microcavity characteristics can be predicted by simulation calculations using
the Finite Difference Time Domain (FDTD) and then obtained by experimental
measurements of the different liquids with known refractive index. In this article, we
evaluated the microcavity chracteristics with liquids such as Methano, Ethanol....to
determine  the relation between resonant wavelength shift and refractive index change.
The simulation and experimental results indicate that resonant wavelength is shifted by
refractive index change of the nano- porous layers due to the interaction with liquid
ambient. This relation is fundamental result for bio- chemical sensor fabrication in the

future.
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