Do Thuy Chi va Pty

Tap chi KHOA HQC & CONG NGHE

188(12/2):3- 8

CHE TAO CAM BIEN PHA LONG, PHA HOI DUA TREN CAU TRUC QUANG
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TOM TAT

Trong bai bao nay chung t6i trinh bay vé thyc nghiém xay dung hé do cam bién pha long va pha
hoi dya trén buong vi cong huong 1D 1am bang silic xbp, so sanh cac két qua thu duoc thong qua
phép do mot s6 dung mdi thong dung nhu ethanol, methanol. Néu dinh nghia giéi han phat hién
(LOD Limit of Detection) 12 ndng d6 nhé nhit cua chét cin phéan tich ma phuong phap phan tich
¢6 thé phat hién duoc. Gid tri gi6i han phat hién (LOD) dugc tinh bang ty so gilra 46 phan giai ctia
hé do va d¢ nhay ctia cam bién. Céac gia tri LOD d6i v6i cam bién pha 16ng va pha hoi do ching
t6i ché tao trong phép do xdc dinh nong d6 ethanol trong nude lan luot tuong tmng 1a 0,3% va
0,04%. Gia trj LOD d6i v6i cam bién pha hoi ddi véi mau cam bién chiing t6i ché tao dung dé do
néng dd methanol trong ruou thuong mai 1a 0,06% va 0,04% tuwong Gng véi hai nhiét do 55°C ,
60°C va van toc dong khi duoc gitr khong ddi 1a V = 6 I/h. Nhu vdy, mau cam bién ma chung toi
ché tao duoc thoa min diéu kién co thé xac dinh ndng do rat thip cua ethanol trong nudc, xac dinh

ndng do methanol ¢6 trong ruou thwong mai v6i LOD dat ngudng an toan thue pham 13 0.1%.
Tir khéa: Silic xdp, buong vi cong hwéng, cam bién quang, dung moi

MO DAU

Dung méi hitu co hién nay dang dugc su
dung rit rong rdi ca trong cong nghiép va
trong cac linh vuc cia doi sdng. Rat nhiéu cac
dung méi hiru co 1a cac chit hoa hoc nguy
hiém va doc hai co thé gdy 6 nhiém moi
truong va gay hai dén stc khoe ciia con ngudi
du & ndng do rét thap [1]. Vi du nhu methanol
c6 thé gay ton thuong vong mac, ton thuong
than kinh thi giac din dén mu 10a chi voi
ndng do vai phan trim trong rugu [2]. Do dé,
vi€c tim ra cac phuong phap cé d6 chinh xac
cao va gia thanh thip dé xac dinh nong d¢ cia
cac dung méi hitu co trong cong nghiép, y té,
thuce phém, moi truong dugc cac nha khoa
hoc quan tdm. Hién nay, trén thé gidi, cac
phuong phép phan tich sic ky khi hodc sic ky
long, sic ky long hiéu ning cao [3-4] 14 cac
phuong phap hiru hidu dé phan tich dinh
lugng céc thanh phan véi néng do cuc nho.
Cac phuong phap nay da dong vai tro chu dao
trong phan tich du lugng cac chat hitu co hoa
tan voi nong do thap. Tuy nhién, cic phuong
phap nay c6 mot sé nhuoc diém 1a thoi gian
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phan tich kha lau, quy trinh phan tich phuc
tap, doi hoi nhiéu k§ nang khi phan tich. Cac
cam bién quang dya trén vat liéu Silic xdp co
kich thudc nhd gon, dd nhay cao, gia thanh ré
va khong str dung ngudn dién trong cam bién,
vi vay d6 an toan trong sir dung rat cao. C6
rit nhiéu cic nghién ctru vé cac cam bién
Silic x6p dwa trén cdu tric quang tir 1D dé
nhan biét cac dung méi hitu co pha long [5-6]
va pha hoi [7] d3 duoc cong bd. Tuy nhién sb
lwong cac cong bd vé phat hién dung méi hiru
co & ndng do thip van con han ché. Trong bai
bao nay chiing toi trinh bay vé cac két qua
thuc nghiém st dung budng vi cong hudng
1D trén nén silic xdp 1am cam bién pha long
va pha hoi d& do ndéng do mot sb dung méi
thong dung nhu ethanol, methanol.

CO SO CUA HE THONG CAM BIEN DUA
TREN CAU TRUC QUANG TU

Tinh thé quang tir (PC) 1a mot ciu tric tuan
hoan trong khéng gian cua vat liéu, vdi cac
hing s6 dién modi khac nhau sip xép tudn
hoan xen k& nhau, c6 chiét suat thay ddi theo
chu ky trén mot thang chidu dai, c6 thé so
sanh dugc voi bude song anh sang.
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Hinh 1. Cdu triic PC ID, 2D, 3D

Bué‘ng vi cong huong mot chiéu (b6 loc Fabi
— Perot) ¢ cau triic cia PC 1D trong d6 ton
tai mot khuyét tat nén 1am mét tinh chit tuan
hoan cua PC.

Céu tric cua budng vi cong huong bao gdm
hai tAm guong phan xa Bragg (DBR) nim d6i
xtng nhau qua 16p dém khong gian.
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Hinh 2. Buong vi céng hweng mét chiéu va pho
phdn Xg twong ung

Nguyén nhan hinh thanh buong vi céng
huong 1D: Trong céc tinh thé photonic, su
tao ra cac khuyét tat trong cau trac tuan hoan
cling dan dén cac muc ning luong dugc phép
trong ving cam quang, hoic néi mot cach
khéc 13, dan dén cac mode truyén trong ving
c4c tan sd bi cAm trong diéu kién binh
thuong. Hinh 2 trinh bay ciu tric cia mot
budng vi cong huong 1D va phd phan xa
tuong wng cho thiy mot budc séng cong
hudng hep o gitra dinh phan xa cuc dai.

Phuong phép an mon dién hoa phién silic la
mot trong cac phuong phap ché tao tinh thé
quang tir va budng vi cong huéng mot chiéu.
Phuong phéap nay cho phép diéu khién tuong
dbi chinh xac chiét suat va do day céc 16p xop
nham tao ra cac PC 1D c6 cuc dai phan xa &
budc séng mong mudn. Bang viéc diéu khién
chinh x4c do day va chiét suat cia cac lop
x6p théng qua diéu khién cac thong s6 nhu
mat d6 dong an mon va thoi gian dn mon cua
qué trinh dién hod, chlng ta c6 thé tao ra cac
PC 1D hoat déng trong mot dai budc séng
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rong tir nhin thay dén vang hong ngoai gan va
ca hong ngoai xa. Ngoai ra, sir dung phuong
phap nay ching ta cd thé chu dong tao ra cac
khuyét tat vé cdu trac dé tao thanh cac budng
vi cong hudng lam co so cho viéc ché tao cac
cam bién quang tir.

Khi tiép xdc véi dung mdi chat phan tich,
budc séng cong huong cua budng vi cong
huong 1D bi dich chuyén vé phia budc séng
dai do phan tir dung méi lap day cac 16 x6p
lam chiét suat hiéu dung trung binh cua budng
Vi cong hudéng tang. Tuy thudoc vao muc do
dich cua budc séng cong huong, dbi chiéu voi
duong phu thudc caa d6 dich budc séng vao
ndng do chat phan tich rat ra tir thuc nghiém,
ching ta ¢ thé xac dinh dugc nong do cua
chat can phan tich vai do chinh xéc cao.
THUC NGHIEM

Quy trinh ché tao budng vi cong huéng 1D
bang phwong phap in mon dién héa phién silic
Quy trinh ché tao budng vi cong huong 1D da
dugc chang t6i trinh bay cu thé trong céc
nghién ctru trude day [8-9]. Bai bao nay tap
trung vao cac két qua thu duoc khi tmg dung
cac budng vi cong hudng 1D ché tao duoc dé
lam cam bién pha 1ong va pha hoi dung dé
phat hién dung mdi ethanol va methanol &
noéng do thap va so sanh giita hai loai cam
bién nay.

So' d6 h¢ do cam bién pha léng dua trén
budng vi cong hwéng 1D

| Nguén sing | USB 4000

Hinh 3. So d6 hé do ,néng d6 dung méi bang cam
bién pha long
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Quy trinh do dugc bét dau sau khi siy kho bod
cam bién va hiit chan khong dé loai bo do am,
tap chit bam vao bé mit cia bo cam bién.
Mot lugng dung dich dung méi ethanol hoac
methanol (khoang 10 pl) dugc nho 1én bé mat
clia cam bién. Sau d6 ching t6i phit mot lam
kinh thity tinh mong trong sudt 1én trén mau
dé tranh su tan xa cua anh sang phan xa tu
mau. Anh sang da sic tir mot dén Halogen
(HL-2000 Ocean Optics) dugc dan toi 16i vao
ctia bo chia quang 50/50 1am bang soi quang
da mét. Anh sang sau khi phan xa trén bé mat
ctia hop mau duoc dan ra mot nhanh khac cua
bd chia dd dugc két ndi véi may do phd
(USB-4000, Ocean Optics) c6 ving phd lam
viéc tir 300 nm dén 1100 nm va do phan giai
quang hoc cd 0,02 nm. Do dich budc song
clia cam bién dua trén budng vi cong huong
khi dugc nhing trong dung dich chat phan
tich dugc ghi nhan va thé hién trén may tinh
dugc két ndi véi may do pho USB-4000.

M&i két qua thyc nghiém 1a trung binh cua
mudi 1an do doc 1ap, sau khi do xong, bo cam
bién s& duoc rira sach bﬁng nude cat dé loai
b6 hoan toan phan tir chat 1ong dung mdi ra
khoi 16 xdp rdi sdy kho. Chung t6i quan sat
thiy budc song cong hudng cia cam bién lai
quay vé& nguyén vi tri ban dau va lan do sau
dugc lip lai gidng qua trinh do 1an trude.

So @0 hé do cam bién pha hoi dua trén
budng vi cong hwéng 1D

Hinh 4 trinh bay hé do cam bién pha hoi dyua
trén budng vi cong huong 1D. Trong so do
trén hé do dugc ciu tao boi: nguén sang la 1
dén halogen di qua mdt mot bo loc quang va
duoc hoi tu vao dau mot soi quang don mbt
va di dén bo chia USB-4000. Sau d6 anh séng
s& dugc chiéu 1én bé mit cia cam bién can
do. Anh sang phan xa trg lai dugc thu gop boi
soi quang da mét cia bd chia USB-4000 va
dua vao may tach phd. Khéa 1 ¢ day dung dé
diéu khién van téc cia dong khi qua bo do luu
luong dé dan khi vao binh dung dich. Khéa 2
chi duoc m& khi mudn thdi khi tir bom dé lam
sach miu va dua mau vé trang thai ban dau.

May diéu nhiét & dy co thé diéu chinh nhiét
do tir nhiét d6 phong dén 100°C.

Ngudn sang USB 4000
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Hin’h 4. So do hé do nong dé dung méi bang cam
bien pha hoi diing hiéu g nhiét dg va dp suat
hoi riéng phan
Viéc do mau dugce thuc hién sau khi lam sach
bd cam bién va hit chan khong dé loai bo do
am, tap chit bAm vao bé mat cam bién. Mot
luong dung dich ethanol va methanol can do
dugc cho vao binh chira dung dich. Sau do
thiét 1ap nhiét d6 ¢ bép nhiét & nhiét do can
do. Piéu chinh lwong khi thdi vao ¢ khoa 2
thong qua bo do luu lwong dé xac dinh chinh
xac luong khi can thdi. Mbi két qua thuc
nghiém 1a trung binh cua cic lan do khac
nhau. Sau khi do, m¢ khoa 1 @€ khi tir bom
duogc thdi tryc tiép vao budng chira miu va
lam sach va khé miu. Ching t6i quan st thiy
bude song cong hudng ciia cam bién lai quay

vé vi tri ban dau.

CAC KET QUA VA THAO LUAN

Cac budng vi cong huong 1D dugc ché tao
bing phuong phap in mon dién héa phién silic

Hinh 5. Anh chup cic mau buong vi cong hudng
1D hoat dong trong ving nhin thay o cac budc
song cong huong khac nhau
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Hinh 5 la anh chyp cac miu budng vi cong
huong 1D do ching tdi ché tao hoat dong
trong ving nhin thay. Hinh 6 thé hién phé
phan xa cua budng vi cong huong 1D trudc
va sau khi tiép xtc véi chat phan tich.

Do dich budc séng cong huong phu thude vao
murc d6 tham nhap va chiét suat caa chat can
phan tich, céc tinh toan vé chiét suat hiéu
dung duoc trinh bay trong tai liéu [10].
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Hinh 6. Phé phan xa cua buong vi cong huong 1D
triedc va sau khi tiep xiic voi chat phan tich
Sir dung cim bién quang tir xdc dinh

Ethanol ¢ nong dd thap

Céc két qua thuc nghiém sir dung cam bién
quang ttr di ché tao xac dinh ndng d6 Ethanol
cua chiing t6i dugc trinh bay trong Hinh 7.
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Hinh 7. B dich budc song cia cam bién quang
tir phu thudc vao nong dé Ethanol doi véi pha
long (dwong cong 6) va pha hoi (dwong cong tir 1
dén 5) khi nhiét d dung dich T va vin téc ciia
dong khi V la cdc tham so

Hinh 7 trinh bay sy phu thudc cua d¢ dich
budc song vao nong dd Ethanol sir dung cam
bién budng vi cong huong 1D pha long va
pha hoi. Cac dudng thyc nghiém tir s6 1 dén 5
nhan duoc tir phép do ap suat hoi riéng phan
v6i cac tham s6 1a nhiét d6 dung dich va toc
d0 dong khi tudn theo quy Iludt ham
exponetial. Ttr cdc dudng cong thuc nghiém 2,
4, 5 khi T nhan cac gia tri 1a 60°C, 65°C, 74°C
va V duoc giit khong doi 1a 81/h va cac duong
cong 1, 2 khi V nhén cac gié tri tuong Gng la
6 I/h va 8 1/h véi T duoc gitr khong doi &
60°C, ta co nhan xét sau: (i) Khi ting ndng do
cua dung dich ethanol hodc véi van tdc dong
khi V cang 16n, nhiét ¢ dung dich T cang l6n
thi cang lam ting d6 dich budc séng cua
budng vi cong hudng (AL) va do dé ting do
nhay ciia phép do. (ii) Su thay ddi nhiét do
(T) anh hudéng 1én A4 manh hon so véi thay
d6i van toc dong khi (V).

Nhu vay, voi viéc thay ddi mot khoang nhiét
d6 rat nho thi d6 dich ctia budc séng ciing s&
kha 16n, do d6 co thé sir dung cach 1am nay
khi muén xac dinh sy thay ddi ndng d6 dung
dich & murc rat nho.

Puong thuc nghiém sd 6 nhan duoc tir phép
do 10ng, tuan theo quy luat ham tuyén tinh, c6
nhan xét sau: Khi ting ndng do cua dung dich
s& lam tang do dich budc song cua budng vi
cong huong (AL) va do d6 ting d6 nhay cua
phép do.

Néu dinh nghia Gi6i han phat hién (LOD-
Limit of Detection) 1a nong d6 nhé nhit ciia
chat can phan tich ma phuong phap phan tich
c6 thé phat hién dugc. Gia tri gidi han phat
hién (LOD) duoc tinh bing ty s gitra do
phan giai ctia hé do va do nhay cta cam bién.
Véi do nhay cua cam bién duoc tinh chinh 1a
dd6 dbc cua phé thuc nghiém cua thu duogc.
Xac dinh gia tri LOD cho phép do 16ng va ap
sudt hoi riéng phan vé&i d6 phan giai ciia may
phd 12 0,1 nm/% nhu sau:

- Po long: Trong hinh 7, trén dudng thuc
nghiém s6 (6), tai diém sé 3 va sb 4 do nhay
nhan duwoc cua phép do 1a 0,34 (nm/1 don vi
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ndng do) tir d6 xac dinh dugc LOD tuong tng
12 0,3%.

- Po dp sudt hoi riéng phan: Trong hinh 7,
trén duong thyc nghiém s6 (4) v6i nhiét do
dung dich T = 65°C , van toc dong khi 1a V =
8 I/h, tai diém sd 5 va sd 6 do nhay nhan duogc
ctia phép do 13 2,69 (nm/1 don vi ndng do), tir
d6 xac dinh dugc LOD tuong tng 1a 0,04%.
So sanh két qua thyc nghiém nhan dugc tir
hai phép do pha léng va pha hoi chung toi
nhan thiy, néu sir dung phép do ap suit hoi
riéng phan s& giam di dwoc giéi han do tuong
tmg 12 7,8 1an so véi sir dung phép do pha long.
Do d6 dich chuyén budc song cong hudng phu
thudc vao T va V nén bang cach thay doi hai
tham s nay co thé diéu chinh dugc nong do do
va ha thap hon nita gia tri LOD.

Nhu vdy mau cam bién ma chiing t6i ché tao
dugc, théa man diéu kién c6 thé xdc dinh
duoc néng do rat thép cua ethanol, mau cam
bién nay co thé dugc st dung dé xac dinh
ndng do ethanol c6 trong hoi thd nguoi.

Xic dinh nong dd Methanol trong rugu
thwong mai véi LOD dat ngudng an toan thuc
pham bang phép do ap suét hoi riéng phin
Viét Nam l1a mot nudc nong nghi€p nén viée
san xudt rugu van con rat tha coéng, nham
dem lai loi nhuan kinh té cao, cac co s& san
xudt da khong ngan ngai st dung con cong
nghi€p — Methanol vugt qua quy dinh cua
Nha nuée. Mdi loai rugu déu co quy dinh vé
quy chuan ky thudt vé cac chi tiéu hoa hoc
riéng do B Y té phdi hop voi Cuc An toan vé
sinh thyc phdm (VFA) ban hanh v6i nong do
methanol <0,1%, nghia 1a 1000 ml rugu chi
¢6 dudi 1ml methanol. Ching t6i da dé xuat
phuong phap xac dinh néng do methanol
trong rugu bang cach st dung cam bién
budng vi cong hudng 1D pha hoi.

Trong hinh 8, trén dudng thuc nghiém sb 2 va
3 véi nhiét do dung dich T twong g la 55°C,
60°C va van toc dong khi duoc giit khong doi
la V = 61/h d6 nhay nhan dugc cua phép do la
1,553 va 2,269 (nm/1 don vi ndng dd), tir do
xac dinh duoc LOD tuong ung 1a 0,06%,

0,04%. V6i vige thay doi cac tham s6 nhiét do
dung dich T va thé tich V c¢6 thé ha thap gia
tri LOD.
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Hinh 8. Phép do dap sudrt‘hm’ riéngrphd‘n phat hié¢n
dung moi methanol 6 nong do thap, khi nhiét do
dung dich T va vdn toc cua dong khi V nhu la cac
tham so
Nhu vdy phép do nay cho phép xac dinh ndng
d6 methanol trong ruou thuong mai véi LOD

dat ngudng an toan thuc pham 0,1%.

KET LUAN

Chung t6i da xay dung thanh cong so dd hé
do 16ng, do hoi riéng phan ding dé phat hién
dung mdi hitu co ¢ ndng do thap.

Két qua thuc nghiém thu dugc 14 hoan toan
phu hop véi 1y thuyét. So sanh cac két qua
thuc nghiém cho thiy phép do 4p suét hoi
riéng phan cho chi s6 phat hién LOD thap hon
phép do l6ng.

M3u cam bién ma chung t6i ché tao duoc thoa
mén diéu kién c6 thé phat hién dugc nong do
rat thap ciia ethanol trong nudc, co thé tng
dung phép do nay dé xac dinh dugc nong do
ethanol c6 trong hoi thd nguoi; phat hién
noéng d6 methanol trong ruou thuong mai véi
LOD dat ngudng an toan thyc pham 0,1%.
Phuong phép sit dung cam bién quang dua
trén cdu tric budng vi cong hudng quang tir
mdt chidu dap tmg yéu cAu: phat hién nhanh,
an toan, d& ché tao, gia thanh ré, dién tich bé
mat hi€u dung 16n va c6 do nhay cao. Ching
t6i hi vong rang co thé Gng dung két qua
nghién ctru ndy vao thuc t& va duoc st dung
rong rai.
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FABRICATION OF GAS AND LIQUID SENSORS BASED ON 1D MICRO-
CAVITIES TO DETECT SOLVENTS IN LOW CONCENTRATIONS

Do Thuy Chi'", Nguyen Thuy Van?
Thai Nguyen University of Education

2Institute of Materials Science,Vietnam Academy of Science and Technology

In this paper we present the experimental setup of a liquid and vapor phase sensing system based
on a porous silicon 1D resonator, comparing the results obtained by measuring some of the solvent
such as ethanol, methanol. If we define the Limit Of Detection (LOD) is the smallest
concentrations of substances to be analyzed that analytical methods can detect. LOD is calculated
as the ratio between the resolution of the measurement system and the sensitivity of the sensor.
The LOD values for the liquid and vapor phase sensors we produce in the determination of the
ethanol concentration in water are respectively 0.3% and 0.04%. The LOD values for the vapor
phase sensors for the sample we fabricated for measuring commercial alcohol concentrations is
0.06% and 0.04% for two temperatures of 55 °C, 60 °C when the gas flow velocity is kept constant
(v = 6 I/n). Thus, the sensor pattern we fabricated were able to determine the very low
concentration of ethanol in water, determining the concentration of methanol contained in
commercial alcohol with LOD reaching the food safety threshold of 0.1%.

Keywords: porous silicon, resonant chamber, optical sensor, solvent
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