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Tém tit:

Phuwong phap do bién dang bé mit (surface profile) va do cit 16p do day vat liéu (tomograms) dua trén giao thoa
anh sang pho rong dwoc phat trién trong nghién ciru nay. Bo cong huong Fabry-Perot duwgc sir dung dé tao ra mot
ngudn sang phat tin s6 xung lwgc nhim mé rong khoang do theo chiéu siu. Cach tir nhiéu xa (diffraction grating)
dwoc diit bén trong bd giao thoa anh sang, cho phép thuc hién cic phép do bién dang bé mit va do cit 16p do day
vét liéu trong khong gian 2 chiéu chi véi mot khung anh trén camera CCD. Cic vén giao thoa véi cac bac van riéng
biét twong ng véi bac ciia tn sé xung lwge dwoc ghi lai béi mét CCD camera trong thoi gian thwe. Thong tin bién
dang va d¢ day cac 16p ciia miu vat 1a cac 16p (tAm thiy tinh nhiéu 16p) cé thé dwoc tinh toan tir vi tri ciia van giao
thoa trén CCD camera va bic twong tng ciia cac van. Trong hé do nay, dd phan giai ciia phép do cit 16p do day va
do bién dang lan lwgt dat dwoe 1a 8 pm va 0,7 pm; pham vi do ciia hé c6 thé dat dwge 1a 30 mm.

Tir khéa: anh giao thoa 4anh sang, chup cit 16p, do bién dang, giao thoa anh sing.
Chi s6 phin logi: 2.2

clia cac nha nghién ciru trén thé gidi vi do chinh xac cao
(~1 pm) va khong pha huy miu. Thém vao d6, su phat trién
nhanh chéng ctia cong nghé vat liéu, cong nghé ban dan,
dién tir két hop vai cong nghé ché tao soi quang cho phép
tao ra rat nhiéu ngudn sang (tir don sic laser dén dai rong
va siéu rong), c6 thé sir dung trong cac may do OCT thé hé
moéi. Nhidu phién ban do OCT da dugc nghién ctru va phat
trién [4, 5] phuc vu trong nhiéu linh vue. Tuy nhién, hi¢n
nay cic may do OCT van c6 nhiing han ché 16n vé toc do
do, kho ung dung trong cong nghiép, noi ma ngoai tiéu chi
vé d6 chinh xac cao thi téc d6 cao va khong pha huy mau 1a
yéu tb rit quan trong, quyét dinh hiéu suat lam viéc va kha
nang ung dung thyc té cta ca hé thong.

Pat van de

Po bé mit va do bén trong bé mat 12 bai toan duoc dit ra
trong rat nhiéu linh vuc, bao gém cay hoc, sinh hoc va cong
nghiép. Dién hinh nhu trong sinh hoc, mét s cong nghé
nhu siéu am, X-quang [1], cong huong tir [2] da dwoc phat
trién va stir dung rong rii dé do, kiém tra cac di vat bén trong
co thé nguoi, mang lai lgi ich rat to 1on trong viéc kham
chira bénh. Trong cong nghiép, viéc danh gia chit luong bé
mat cling nhu bén trong san pham ciing rit quan trong. Cac
phuong phap nhu kinh hién vi dién tir (optical microscope
[3]), may quét dau do (scaning probe microscope) hoac may
quét xu ly pha laser (phase shifting microscope [4]) dang
duoc st dung rat phé bién.

M3i phuong phap co nhitng wu nhuoc diém va pham Mot s nghién ctru da gisi thigu giai phap dé giai quyét

vi tng dung riéng. Phuong phap siéu 4m c6 uvu diém la
dai do 16n, téc do do nhanh, tuy nhién d6 chinh xac khong
cao nén han ché trong str dung dé do cac déi tuong cod
kich thuéc nho (<100 um) [4, 5]. Trong 2 thap ky gan day,
phuong phap chup giao thoa quang hoc (optical coherent
tomography - OCT [2, 3]) dang thu hut nhiéu sy quan tim
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bai toan téc d6 do cia may OCT nhu st dung laser xung
lugc [5] hodc anh sang dai siéu rong (super-continuum light
[5]). Téc do do va do phan giai dugc cai thién, nhung thiét
bi dét tién va hé thong trd nén rat phirc tap. Trong nhung
nghlen ctru trude cia nhom, chiing t6i ciing d phat trién hé
thdng do giao thoa 4nh sang trong thoi gian thuc sit dung
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Abstract:

We proposed a measurement system for surface profile
and tomography using incoherent optical frequency
comb interferometry and spatial phase modulation
(a diffraction grating). By employing a spatial phase
modulator to an interferometer, the axial and lateral
information of a sample were simultaneously obtained
in one-shot capture. An incoherent optical frequency
comb, which was generated by a Fabry-Perot etalon and
supper continuum (SC) light source, was also installed to
extend the axial measurement range of the system. The
interference fringes, which belong to the interference
comb orders, were rapidly monitored on the CCD
camera. Surface profile and thickness of multi-layer
glass plates could be derived from the position of the
inference fringes on the CCD and their calculated fringe
order. Resolutions of tomography and profilometry
were achieved at 8 pm and 0.7 pm, respectively. The
measurment range could be extended up to 30 mm by
using the optical frequency comb technology.
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phuong phap mi hoa khong gian pha két hop véi bo cong
hudng VIPA (virtually imaged phase array) [5]. Hé thong
nay dap tmg duogc yéu cau vé do thoi gian thyc.

Nghién ciru nay hudng téi viée phét trién thiét bi do
chinh x4c bé day cac 16p thuy tinh véi tbe d6 do nhanh, dap
g dugc toe do day chuyén san xuét cia cac nha may san
xuét thiy tinh. Ching t6i dé& xudt mot nghién ctru méi st
dung nguén sang dai siéu rong va ky thuat ma hoa khong
gian pha két hop cong huong. Phuong phap dwoc dé xuit
nham muyc dich do bé day cac 16p mau trong thoi gian thue,
khong gian 2 chidu, do phan giai ~8 pm, khoang cach do
~30 mm. H¢ théng ¢6 kha nang do bé mat cua vat liéu trong
thoi gian thuc va xay dung hinh anh 3D bé mat vat liéu tan
xa anh sang cao thong qua viéc ghép nhiéu dnh 2D thu dugc
tor may do.

Phuong phap

Mot ngudn sang do két hop thap (low-coherent) c6 phd
lugc tan s6 (frequency comb) dugc tao ra mot cach don gian
bang viéc str dung mdt by cong huong Fabry-Perot va mot
nguon sang dai rong. Pho cong suét ctia ngudn sang lugce tin
s0 dugc miéu ta boi cong thirc [4]:

Ecomp(f) < F(OIG() L2 0 8(f —mFSR)] (D

trong do6: FSR (free apectral range) 1, F(f), G(f) va m lan
luot 12 khoang cach giira cac tan so xung lugc, tan sé anh
sang, pho tan s anh sang cua ngudn sang dai rong, pho cua
ngudn xung lugce tan sd va bac clia xung lugce tan sd.

gy
() 5 gwong tham chiéu

Budng céng hudng

Nguén sang Z//<\
e M =

I(ct)
B3 thu

tin hiéu do

Hinh 1. (A) So db hé thong giao thoa st dung ngudn sang xung
lugc, va (B) Hinh anh hé théng trong thuc t&, trong dé S la
nguodn sang; L1, L2, L3, L4, L5, L6 la cac thau kinh; B1 la b chia
quang; Ob la vat; C la CCD camera; B1, B2 la bo tach tia, G la
cach tir nhiéu xa.
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Trong mién thoi gian, tia sdng tir bd cong hudng di ra la
bién doi fourier ngugc cua £, (f) dugc miéu ta boi:

10 = F B/ 2 90070+ Ti2. 06 -m D) (2)

trong d6 1 (1), 1, f,, g(t) va f(t) 1a cudong do chum sang di ra tir
b6 cong hudng, thoi gian, tan sb trung tim ctia ngudn sang,
bién ddi fourier nguoc cua G(f) va F(f) [4]. Cac tan sd xung
lugc (thda man diéu kién cong huong) lan luot di ra khoi bo
cong huong véi mot khoang thoi gian tré nhét dinh. Trong
truong hop bo cong huong quang duogc dit trude hé thong
giao thoa, cac thanh phan song 4nh sang s& giao thoa voi
nhau theo mét ty 1€ cuong do gilra song anh sang phan xa tu
mau vat va séng anh sang nhidu xa tir nhanh tham chiéu. Ty
1€ nay thuong dugc chon sao cho do twong phan cua cac van
giao thoa trén cam bién clia camera 12 16n nhat.

So d6 hé thong giao thoa duoc miéu ta trong hinh 1(A).
Ngudn sang xung lugc tan s6 do két hop thap duoc tao ra
tr mt ngudn sang phd rong va mot by cong huong quang.
Anh sang truyen tai mot tan sd riéng 1é tir bd cong huong la
tong cua tit ca cac chum da phan xa, quang 16 cia mdi chum
da phan xa co gia tri khac nhau sau mdi 1an phan xa trén hai
bé mit cta bd cong hudong quang. Ham truyén ciia by cong
huong quang dugc biéu dién boi:

T = tltzz;ﬁ—o(rﬂ‘ )me—i(an/c)[(2m+1)nL—ml] 3)

trongdo ¢, ¢, r,var,1ahé s6 truyén qua va phan xa clia mit
trudc va mat sau cua bo cong huorng quang, ¢ va f1a van toc
anh sang trong chan khong va tin sé cua anh sang, n va L
1a chiét sudt cua vat liéu bén trong bd cong hudng quang va
khoang cach giita 2 mat ctia by cong huong, / 1a hiéu quang
16 giira 2 tia lién tiép trude khi di vao bd cong hudng quang.
Tir cong thire (2), bién d6 song anh sang truyén qua b cong
huong duge viét lai theo cong thiic:
—i(27 fuLlc)

_hihe @)

—iAp

T = —(ZﬁfnL/c)z (r]" )m (—iAp)m
o 1-rre

trong d6 Ag 1a pha bi thay doi khi tia sang phan xa trong bo
cong hudng quang [4, 5].
Cuong d6 clia tia sang tryén qua duoc tinh bai cong thirc:

I — TT* — (tltZ)Z (5)

1+(ry19)% =211 15C08(AQ)

va A dugc tinh theo cong thirc:
47 fnD R
Ap= icos[sm '(sin@/ n)] (6)
c

trong d6, D va 0 1a chiéu rong cta bo cong hudng quang va
gbc gilia bé mat cia bd cong hudng quang va tia anh sang
toi.

Cuong d6 cua tia sang truyen qua b cong hudong dat gla
tri 16n nhat khi Ag 13 boi sé ctia 2. Tan s thoa mén diéu
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kién cong huong cliia cong huong quang dugc tinh boi:
c
=m : : (7
/. 2nd cos[sin"'(sin @/ n)]

& day m 1a sb nguyén t6 duwong, m =1, 2, 3...

Khi tia sang c6 phd tan s6 xung luoc dugc tao ra boi bo
cong huong quang dugce sir dung nhu ngudn sang trong hé¢
giao thoa, vi cac tan sb lap lai cua bo cong hudng ¢ tan sb
rat cao, giao thoa tao ra tin hi¢u xung xuét hién lién tuc doc
theo dudng truyén cua tia sang trong hé giao thoa. Mdi tin
hiéu giao thoa trong hé giao thoa c6 mot thir ty van nhét
dinh, va dya vao tht ty van ma thu dugc tr hé giao thoa cé
thé noi suy ra dugc thong tin vé vat (optical path length) nL.

Keét qua va thao luan

Dé xac nhan tinh kha thi cua phuong phap do trong ph?in
nay, mot hé thong nhu hinh 1(B) duoc xdy dung dé do mau
vat. Anh séang tir ngudn sang pho rong duoc chudn truc tao
thanh tia sang song song, duoc hdi tu boi hé thau kinh c6
tiéu cy nho 10 mm va 100 mm. Tin hi€u giao thoa dugc tao
bdi song phan xa tir vat va tir bd ma hoa pha (cach tr quang)
dugc ghi nhan boi camera.

Pé xac dinh do chinh xé4c cta hé do, mot vat mau co bé
day biét trude ciu tao bai 3 Gauge block ghép vao véi nhau
nhu trong hinh 2(A) dugc st dung. Van giao thoa cua soéng
anh sang phan xa tu vat va tr cach tor quang dugc ghi nhan
nhu trong hinh 2(B). Do khoang céch gitra hai bé mit cia
mau c6 kich thudc biét trude 12 200 pm va khoang cach gitta
2 van giao thoa tao boi 2 bé mit cta vmﬁu dugc ghi nhan trén
camera tinh theo diém anh 13 278 diém, diéu nay c6 nghia la
mdi diém anh ctia camera tuong tmg voi mot khoang cach 1a
0,719 pm. Ttr anh vén giao thoa gilta guong tham chiéu va
cac bé mit tir vat, ta c6 thé xac dinh duoc khoang cach thuc
té giita cac bé mat cua vat mot cach dé dang thong qua vi
tri cia cac van nay. Tir hinh 2(B), ta cling c6 thé thiy rang,
bé rong ctia van giao thoa tinh tir vi tri nira van c¢6 cuong do
16n nhat (Full Width Half Maximum - FWHM) 1a 11 diém
anh, vi vay d0 phan giai ctia mdi phép do bién dang bé mat
ctia vt 1a xap xi 0,7 um; do phan giai phép do cit 16p do day
ctia vat la x4p xi 8 pm.

(A)
Van giao thoa
mat trén

278 di€ém anh
<>

Van giao thoa
mat dudgi

Hinh 2. (A) Vat mau dugc sit dung dé xac dinh tinh chinh xac
ctia hé do va (B) Van giao thoa giita séng anh sang phan xa tir vat
va séng tham chiéu phan xa tir cach tif quang.
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Hinh 3. (A) Mé hinh va (B) Vit thuc t& dugc do béi hé thong, (C)
Vi tri van giao thoa giiia song phan xa tir vat va séng tham chiéu
phén xa tir cach tif quang dugc danh dau béi cac ky tu tir a téi h.

Trong thi nghiém tiép theo, hé thong s& dugc ap dung
vao viée do chiéu day ctia mdt vat thuc. Vat dugc tao ra
bang cach ghép nhiéu tim kinh mong lai voi nhau nhu trong
hinh 3(A) va (B) Chiéu day cua mdi 16p klnh vao khoang
200 pm, céac be mit dugc lya chon c6 hé s phan xa gidng
nhau. Vi c¢6 4 tdm kinh nén s& c6 8 bé mit va vén giao thoa
tuong ung voi vi tri cia 8 bé mit dugc chi ra trén hinh 3(C).
Vi tri trong tmg ctia cac bé mit dugc chi dinh boi cac ky tur
tuong tng tir a t6i h. Tir anh van giao thoa cia mdi bé mat
clia vat ta c6 thé tinh dugc chidu day quy ddi ciia cac bé mat
a~b, c~d, e~f va g~h lan luot 1a 191,7 um, 195,1 pum, 197
um va 196 pm. Chu ¥ rang chiét suat cua thuy tinh 1a 1,5.
Tuong ty, khoang cach cac khe giita cac tdm thuy tinh b~c,
d~e, f~g tinh tai vi tri duong ct ngang giita ctia anh van
giao thoa lan luot 1 16 diém anh, 30 diém anh va 38 diém
anh tuong ung voi khoang cach thyc té giira cac tim thuy
tinh 1a 11,5 pm, 21,6 ym va 27,3 pm.
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Trong nghién ctu nay, ching t6i da gidi thi¢u mot ky
thuat méi cho phép do chiéu day cua cac 16p vat liéu thiry
tinh st dung giao thoa ngudn sang phd xung luoc duge tao
ra béi mot cong huong tinh thé. Phuong phap c6 kha ning
thuc hién phép do vt theo 2 chiéu (2D) hodc 3 chiéu (3D)
chinh xéc véi do phan giai cao va téc d6 do cao trong thoi
gian thyc. Pham vi do cta hé théng dugc mo rong tdi hon
30 1an so v6i cac phuong phéap do truyén thdng, trong khi
d6 phéan giai khong thay d6i. K¥ thuat dwoc dé xuat trong
nghién ctru nay dap img duoc cac yéu ciu cong nghiép nhur:
d6 chinh xac cao (<10 um), thoi gian do nhanh, c6 thé quan
sat va luu két qua do trong thoi gian thyc, khoang cach c6
thé do 16n, bé day mau >30 mm, khoang cach tir dau do dén
mau 16n, thuan loi khi thiét ké, cai dat va khong tiép xtc
truc tiép hay pha hity mau. Vi pham vi va d6 phan giai dat
duogc cua hé théng, viéc do chét luong bé mit va phat hién
céc khuyét tat bén trong (bén dudi) bé mit vat liéu trong
cong nghiép, y sinh va céc linh vuc cong ngh¢ khac 1a hoan
toan co thé thuc hién duoc.
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