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Precision OPD Change Measurement in a 100-pum Vertical-Scanning Range
Using Rough-Surface Interferogram under an Interference Microscope

Masaaki ADACHI, Masanori KAWAMURA and Yuta IWAO

A vertical-scanning shape-measurement interference microscope using white light is widely used to measure 3D shape
of a small object. This microscopy however cannot be used in vibrating environment. Because it is required to repeat one-way
vertical movement of the predefined length and interferogram recording after that. We are researching a new technology which
can accurately measure the real-time changes of optical path difference (OPD) and can trigger the recordings. When a rough
surface is observed under the microscope, an interference pattern has very complex structures. To measure OPD change from
the pattern, we use flexible masks to extract components of cosine change and sine change from the complex-structure change.
Using the extracted changes we can obtain continuous phase change over a 100-um vertical movement. But, the total phase
change of the movement slightly depend on roughness of the measured area. This dependence is showed to be affected by a
numerical aperture of an object-lens and can be reduced using a smaller aperture lens.
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Fig.1 Vertical-scanning interference microscope equipped with OPD meter.
Optics of the meter is composed of a diode pump solid state laser, a
line CCD camera and a sharp-cut filter. Wavelength of the laser is 473
nm, and the sharp-cut filter blocks for the laser light to enter a 2D-
CCD camera. A high frame rate of the line camera makes real-time
OPD measurement possible. In this paper the line camera is displaced
with another 2D-CCD camera and interferograms captured by the
camera are used to develope an algorithm of the OPD meter applicable
to rough surfaces
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Fig.2 Interference-light-intensity changes by phase. O are typical cosine
change, @ and A are typical -cosine and sine changes respectively.
Ip1, Ip2, Ip3, Ip4 are light intensities at phase of 0, n/2, &, 37/2
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Fig.3 Interferogram of a rough surface. Surface roughness is Rz=3.2um.
White partions mean bigger light intensity and black partions mean
less light intensity. X size of the interferogram is 130um and Y size
is 80pum in the real surface. Line camera captures the area surrounded
by yellow or red lines, for example
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Fig.4 Updated mask patterns changing with a vertical movement of a rough
surface. (a) shows a changing pattern to extract cosine-like change. (b)
shows a changing pattern to extract sine-like change. Horizontal axis
is the number of update times. White area means mask element is 1,
blue area is 0, black area is -1. These are extracted at X pixel of 26

VARSI 7 /2 THhTOBBERE, K1) DfFELET
BB (4) TIEMEIZ & /2 Thiz & beizb.

TORAZIEREE IR TEAVEREBBEICEOROT
WREE HEICE Lo~ A2 ICEHLET D, BHOHA, A
Br /2 FTORBRDFI A OTHER CEOHATO Pi) 13,
FHEATECTOMAELFERE EIEE BRREIETILnTE
5.

ZOINL TR TOEHRDEFEERTTERFHT2.
O EFSEEHIED T IO R B TR L HE RIS h D72 L,
B T 08 RS E SR L Pl A R T B D i
EARTREGERTEDE B DN,

4. ERBR#ER

41 HAD2RTTiHE

X110 LED &R 32 E KB ZEMOITHTV M B Z MER TE 5.
FOEEINEEETROPRAEIRDIICLTF IR va
F— (P-721.20) THE (REMIE, Rz=3.2 p m) &Lk
BIHZH9 0.65 1 m/s DHWEET 100 p m BT, ZoBE, FAv
HAFIIZIROFT 12 2R T T D H NI AT TIEALLEET D 23K T
L—FF#58% 20000 KIViATe (1EIRIL X H1al 100 B X
Y J51k) 64 EiF T 12bit/ B, 1EROWY EIOEEEN TS



FHIEMFRE TOHEBOEBERR 100 m TOXBEZLOSHEEATE

— Xpixel=26

200000
1

....... Xpixel=45

150000
1
198000

19850

Change of OPD/nm
100000

50000

0 5000 10000 15000 20000
Image number of continuously captured interferograms
Fig.5 Measured OPD change over a 100pm Z-scanning. Measurement are

carried out at two different X-pixel positions and measured changes
are plotted with different offset for easy viewing. Rz=3.2um
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Fig.6 Total change of OPD at each X-pixel position, which are measured
using a line interferogram data (64 pixels along the Y direction ).
Dotted curve is total light intensity at each X pixel regarding the
interferogram of Fig.3
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Table 1 Number of the lever position and NA of objective lens at the number

Lever Position No.(L) 2 3 4 S 6 7
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Fig.7 Total change of OPD at each X-pixel position measured with some
numerical apertures of the objective lens. Measurement are carried out
at six different NA values and measured values are plotted with dif-
ferent offset for easy viewing. Rz=3.2um
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Fig8 Standard deviation of total changes of OPD. These deviation depend
on the numerical aperture of the objective lens. The minimum devia-
tion is obtained with the lever position of L=3
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Fig9 Total OPD change measured from 18000 interferograms captured over
90um Z-scanning. These measurements are carried out for 6 surfaces
having different roughness. Horizontal axis is roughness measured in
Rz unit. White circles mean changes affected by environmental vibra-
tion. Black lines connect time-averaged changes which are not af-
fected by the vibration. Black triangles mean 3-times standard
deviation plus or minus the averaged values
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Fig.10 Measured OPD deviation from a linear change. These deviation are
thought to come from vertical vibration of the surface
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L, REBEICRANR CARELEARM-7 1V B2, 7=
L, ZOBDBITSEFEHD 0.2%RETHY, ZONKELEE
{LRIBEORE I+ @ e 4 135 2 5.

52 BIEEONERE

FEANLIIE TOHEBEOTE AN & LR EH O BB IR
TETWDINEERTHD. TRICHRELE HEBEELEDYT
WEARBIEED) Tk, BRI DLOEB IR THER
M Thrnidin, hudstr X~ ARNRICIDE
BLHERIEN, SEIIXEPIHE THY, L AD NABREK
BIIZIE 0.07 L/ hSKLTHSD. ZORER, BAFICIDE R
LOEBFEIITE COREF LTIV BRCEROTH
A EDBESNTNS.

53 HASOYARERBEAEHEEDER

I TIIEEEELRBSO 20000 F D2 TTF . OH)
REMGR TG ERTI0IC, YHABEZEEE 64 L REHIR
LT —4% Wz, BEBEABROHOTA I ATITITE R
1024 X° 2048 HOMBLFET S, EFREIIAS ITHLEDD
T TIREHREEZ O THRERITD. BVIAATHDLHIE
T EFICYEFEEE 64 20 32 (WL T —2EHOTE
BEEMEPHETDE, FABEVICXEHRMBEIE LI LEE)
TRILREL AR o7, BICHIEE R B EMETHLLE T —FD
EHHER G X DEGER VRN THHIHTES. Lk,

FHIEMFRE TOHEBOEBERR 100 m TOXBEZLOSHEEATE

RERQEFFNIFN CORAMOBE, S5HE, HEKRMO
WRELELLITNAZALMEE TS EHRIEERL. BICENT
BIERENSRED)TINIA LELZOEMBE CHAESHDE
EMNDTAAATDEFEBUITREINDHIREEEZD.

BT, ZITIRL L XD NA 857912, stL X
B ESICITERV AR, ZoTETIHEI—eL U RHIHIC
LB TR LU TH NA ZK->TLE). 22T, REBET T
DIRFTICIRBNE TORERIIT AL I AT O XTI
BIMERHD. ZOERRTIE, ZOMETOILEKIOHH
RREEPHE LSO T, YL XOE EBICITERYE
BONSARY

6. ¥ W

FHBMBEBE T OMEIMED T BRICTFHREBIZ LT
LR VT WACEL T ARBN A7 2T TRLNE 2RO KA
EELO2EDOBBALEANT, ERESLEEREERMETS
Fikx RO R

UTF BN ANEEMRICELD 5.

1. HED 100 £ m ICH R SFEELENNE nm OLFFRET,
HIEALE TOEVE 1/1000 OEB CEkEEICHAITE-

2. FHAMEOZEENITAIE T85OI OBV OZEN RS
hiz

3. HEDBEWOEEL, L XD NA % 0.07 LKBHZET
MR CE T

4. ol NA OV XERWTEROHEORE (Rz=12.5
p m) XCOBEBEEMIRE CTER

5. BMEMBAEME, HIXORLMERBHIE-T0.2% 12

BEE{kL

ok, ARFZIIRIE (21360115) OBIREZIIT-HDTHS.
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