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Full-field microscopic interferometry and its applications on the
measurements of refractive index and surface topography
Student: Yen-Liang Chen Advisor: Prof. Der-Chin Su

Institute of Electro-Optical Engineering

National Chiao Tung University

ABSTRACT

The heterodyne interferometry is introduced to the conventional interference
microscopy to measure full-field phase retardation, refractive index distribution and
surface topography. For determining full-field absolute phases, two different voltage
signals, the saw-tooth wave ‘with lower amplitude and the asymmetric triangle wave,
are applied to drive the electro-optic modulator. Their break point positions are used
to derive the reference phases.

A common path heterodyne interferometry is applied to measure the full-field
phase retardation. A heterodyne light passes through the sample and an analyzer. The
interference intensities recorded at any pixel of camera are the sampling points of a
sinusoidal signal. The phase of that pixel can be derived with a least-square sine
fitting algorithm on IEEE 1241 standard. Subtracting the reference phase, the phase
retardation can be obtained. The retardations at other pixels can be obtained similarly.

The full-field phase distributions are-measured with a modified Twyman-Green
interferometer, in which linearly/circularly polarized heterodyne light beams are used
in order. The measured data are substituted into the special equations derived from
Fresnel equations, and the full-field refractive index distribution can be obtained. In
addition, the height distribution can be calculated from the phase distribution
measured by using a modified Linnik microscope with a heterodyne light source.
Because the measurable region of a microscope is restricted, the overall topography of
measuring larger samples cannot be obtained in a single measurement. It can be
improved by measuring at different angles and positions. Then, these data are merged
together to form the associated geometrical topography with the image stitching
method. The above methods have several merits such as easy operation, high

resolution and rapid measurement.
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il inft
=l L' l}ez o [e 0 |1 lei27rf0t
2\ 1), e—f% 0 e |2\l

i(27rft+l//) _i(27rft+l//)
1 2 2 .
_ e +e ethfot (3 1)
=— ’ .
22| Y,
e e
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E, = AN -EO -E,

_lllemft
2l 1)l o

i(
__ L Je (3.2)
242 i

B fy R4 kg . IR 1 NAD, N SRRy DA
E T

I, = %[1+cos(27rft+t// +¢.)], (3.3)
A

I, = %[1+cos Qzft+4¢,)] . (3.4)

A g G Ao B 3 L LF RS AEL ) VP 2.3 e 2 30 2 34p
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C.=C+T, if P >C +T;

e (3.15a)

C,.=P. ifP <C, +T.

m+12

(3.15b)

D m =123, EREFESEIHNREERLL 0 20 R
P 4= % » Bq. (3.152)"2 2 Eq. (3.15b)chif # 7 4w ¥ 2 Fig. 3.11(a)™ 2 Fig.
3ALIb)E » F 5% i B P ERABEFE S PIEFFES IR P=02 =
3 > EBq. G.14)p| g <+

4 4
I(t) =~ {1+cos(27zﬁt+l//)] rect[ﬁt—gj}*zé(t—T) (3.16)

s s

He g L1 EEHes f, A h A E|deon BRIEE LA B B R BN g
BBk JoF cEL BABTAHET R TR - RGP L
At=V_ =V)T[V > 4ol Fig. 3.12 %775 o &30 50T 2 a3l #2 £ 4% [13]

PP P BT S & -l ek e

7
I.(t)=—= [1+cos(27rﬁt+l//)]

T

|4 V
=A-cos(2x——t)+ B -sin(2r——t) + C . 3.17
( VT) ( VT) (3.17)

s s

HeY A~BME Cy if#: py vd U™ 3077

. tanl(TBj. (3.18)

Flb o GHAR g T RPpAT N gy At Ak e ¥ b L0 v aEfE

Gt -k % B EJD B AR TR 4e Fig. 3.13 ¢ chim A2 6 o
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$1E sk SRR 4 R EO A #lehvhd kiRde Fig. 3.14 #5557 > 5 3 {428 >
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Wi EO» % EO 2 kfh= @ % ¥ pho P &A@ b L+ kY o s-27 p-
Wz B 9rid N g At B ¥ 11 A T de Eq2)5Tm [27] 0 ¥ b VL A EE G

TR A AT

szz? [(t—t)-mT]+(V,-V,), mT<t—t,<(m+1)I (3-19)
Ho m 288t 2 P Aedn Bl T - BAES AL ER LT &

? 4E
Vo & 6] 5 &L TROEH EERI0A o TRV Fhe Eq. B7) T 0 F
#-Eq. (3.7)% » Eq.(24)> B ¥ & % Eq. 24)eis 6 4 Hfe 5 B @ 2 pF Eq.
(3.19)7 £ #7:¢ K &

szz? [(t—to)—mT]—gV,,a mTSt—tOS(m+1)T . (3.20)
/1
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x
6 I,
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T

#-EBq. (3.21a)2 (321b)A 6] &5 » Bau(2el) 718 5
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"E
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B gy =3mtl> 1% 3 fr= 0 B en® - B Auidedein o ¥ Eq. (3.23)
¢ B R e AR i g o J()2 % A5 & (940 Fig. 3.16 om0 d BV

TArH - FH P )R A g T F FRAR TG BT A F € T F AR
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Iy =|E,+E,|[ =1y +y,-cos(2r ft+¢,)

=A-cos(Qrx ft)+ B-sin(2x ft)+C, (4.9)

B Jp TR RE T pBg s T gz BB 4B

Cy i,
A=rr, sin(d,, — @, + ), B:%(rmz—rz), (4.10)

d Eq. (4.10)7 i&- %35 #5)

b = tal’l_l(—%) Dot 2 rr s, o= P +¢r):|’ 4.11)

(5, =)

+34% Fresnel = #2.5%[9] » # #-Eq. (4.5) %> Eq.(4.11) > ¥ &322 1

n—1 —cosg +\/cos2 @+ cot” ¢,
r= = 7,

_ , 4.12
n+l cotg, " (+12)

H P op % Epld 2 J4E% o T L 4 Bq (4.12)%f &
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ﬁﬂi

4.3.1 & # GRIN lens
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R KR S fad s e IL 2% F 5 4 BIRIEREY - B F i F =99
YrB F S Fas M K& @ ¥ - FFREd FREA S Ao K 6 B ipis
(AS504k, Basler Inc.) C & 256 A Fi#ic o ¥ %h » 5 7 BIF 2359 #4p (=0 gt AP
FHOETRIRNG VO Z G RR TV, aEd A kERd EO> F A 3.3 &2
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Vo £y =300 frame/ssd &5 1 # P BN F 8~ m = 300 3% & o Foijfz47 & 5 600x600
koo PR RIEAR S W AR AW H QW Q 25 AT LR 0 £ 1l
* MATLAB (MathWorks Inc.)sic#8 %5 B s $58 2 A8 (7 478hA47 F 2252 4
BLE[9] 0 A HE IR h(x,y) o B b iE S % AN Eq. (4.13) 0 BT @5 =
BATEF 2 T n(xy)de Fig. 42 A1 e dh s it £ B AR E > Fig. 4.3 -
% 1 fcf p GRINlens F sfend (76 7 8-k f3cx » AR 5%kY &% d ikt
#(MO)£ doublet(DL)*f & & e kg gL m(IL) o o »* [L L@ B Lk s
F]#t GRIN lens % JE*x & MO s £ L o + > @ CMOS 4p {8 2 i DL et

[}

ETg b ohrgok?y L F L4087

52—



1800

1500

600
200 200
. 0 0
y-axis/pixel x-axis/pixel

Fig. 420 GRIN Lens & = fd7it e o % £ a2 R(2M i 7)

1200+
g
=
o
= 900
T
-
600
300
300 600 900 1200 1500 1800
xX-axis/pum
Fig. 4.3 GRIN Lens 2z = %

SRR A F RRIS (5 F ARMA)

—53—



432 &R ITO

435 ITO 4 %344 » F)¢ & Eq. (4.3) & Eq (4.8)¢ S ¢ Jones &2

e TR LT A
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sp KX
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Fm=99%> ¢.=10°" @y— g =10°" 2% p, =18 B|¥ 5 I n &2 An 2 B
o2 v R M H BB 4o Fig 44 7m0 B ¢ g A6 A 00 30°% 60° & 90°-
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4.4.1 &7 GRIN lens

%2R GRINlens s % @ > A2 2 &8RP 7 it § £ D Hcdp 34
(Ador & Adoa) ~ P45 28 £ (Ad) 1 & 4830 & 4 (Ady) B F o 5B AT 11 3.5.3 & ¢h
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0.066°2 2 Ady= Ady + Ady + A, = 0.076° « & Eq. (4.13)7 4 194754 5 2054 & 4p 1
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gt F RPN o A ERE kpi e w5 (1) PBS > Q2> MO, > M > MO, »
Q1 > PBS > AN IL & CC (£% %§)+ 12 (2)PBS > Q, > MO, > S >
MO, > Q; > PBS > AN IL > CC (B3 £ E) » FI& ¥ 1 eng 53558 E, 1 2

E, = AN (457) - Tpps - Q(=457) - M - Q,(457) - Rpg - E
1111 01 (1 iY=n, 0) 1 (1 —i)f0 0)1 (&
_2(1 J{O OJ\E(I' 1)[ 0 r,,Jﬁ[—i 1}[0 Jﬁ et
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S ehF St fhdicr T 2d B8 KB kA o B0 CC Rl e s o

I = |Er+Et|2 =1, +y-cos( 2xft + ¢@,)

=A-cos(2x ft)+ B-sin(2x ft)+ C, (5.4)
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I, :i(r2+r2), (5.5

16 m S
—-rr
= "luls 5.6
7 =3 (5.6)
v
@y (x,¥) =#= G +¢, =2nr+¢, = 2n7z+tan_l(%j, (5.7)

Ho g 5 Sto R 4FRaipi D&M 2nr, B9 n 50 Flk Flpt g B+ 12

B o TAPHPT D 3 54 B S o v AL G nd R A G h(x) M -

i
o

G2 B BT P 2308 d iE g TS 2 AREE IR FoML 2
Wty ehifck b MY @Ridey) e o T K LT S R vt d o L
KBtz K F A wh())BE XF b RPEBES DG D0 F R AR IR
o 4 2 R AR o Rt - TS AR T A [13] K K dy(x,y) e
oo gtrha I BARE R RO kR D RGP 0 PV @R 284

A Pry) o A Yk LSBT E NA 2 MO, feir » 33 S A6 0 7]

xS Eoo g B A h(y)F ok a7 A7

h(x,y) =%-k, (5.8)

HP ki@diEitiiy M2 o e 12945 Ingelstam 72 58[10] > ¥ 70 & 7% 5

NA*

k=1+ (5.9)
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FHARE 2 gxy)rt 2 4 Eq. (5.9)71F 2 k £~ A ® O~ Eq. (5.8) 0 RIF 3 #F5
h(x,) °
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(5.10)
"oy =0 =0

|R(xk’y1 -

He Uxy 5 HERP Gz @iou 5 R(xy)dT I5E o #-R(x,y) 2 u it » Eq. (5.10)
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