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High-speed Nanometric-precision Profilometry using Vertical Scanning Interferometry and Two high-power LED
Masaaki ADACHI, Kakuji UEDA and Fumihiko ENOMOTO

We propose a high-speed vertical scanning profilometry which has nanometric height precision. The proposed profilometry is
equipped with two short-coherent-light sources, which are made of extremely-high-power light emitting diodes ( LED). In 3-D
profile measurements, the profilometry acquires many interferograms while vertically scanning a Mirau-type objective with
0.407-um movement/interferogram and alternately-flashing LED. Odd-numbered interferograms are acquired with 503-nm LED
and even-numbered interferograms are with 591-nm LED. Regarding the acquired interferograms, a computer calculates phase
and modulation contrast using a phase-shifting technique. As two movements are repeated between acquirements of the same-
color interferograms, phase step corresponds to approximately 6 T + 7/2 with 503 nm and approximately 6 7 - /2 with 591 nm,
respectively. After searching the interferogram having a contrast peak, the computer extracts optical path difference of the searched
interferogram with nanometric resolution from the phase information. From the vertical movement length of 0.407 pm and a frame
rate of 111 Hz, a vertical scanning speed is given as 45.2 yum/s. Nanometric height precision of the profilometry is checked using

the measured data of a step height standard.

Key words: white light interferometry, profilometry, phase shift, vertical scanning, LED, nanometer, two wavelengths

1. #& B

BSER O 3 RABRBREICIE, nm(F /) A— MLDD4
R DN T WA RRIEBNES BR SR T B,
TR BE s & e B G DB N R AMBRED S I
BEEINTVBY, ERAICEL TRRIESEE NS <D 1
THEMD 572 EEET O v A QRSB RRE ORI E
EELG. ATFHEANBH RIS HOEEN TRV D
¥+ nm LU OREIEE T AL 2 E X
&, U7 nmOIMBEETASANTE, RFL LY 0 ETRE
BV, ZOkD, BROLSERELIZIZMNTED, 19150
I EEEMS - ORERBITR LEbI B,

HTHERAVDEBTIRET L2RE (8F) MMEST
BED ST LML U TRREEH TS, ML
LN T MNETHB. MY T NETIEHD
BWEAD /48 (b UILL/3ME) TONBEL BENI- T
ZIZINS FUWEGE R DAL, BT —5BORE»
SALAE RIS 5. B NI S £ ORI OKIET
X5, M) T/ E < ANERNORTOKT-
ETORICRBERS TIES 5, MBI /2 migs
NABEHVEEIN, TSI 1/283NBRIRD 5N 5.

UAUMENAA @ 1/245 8 F (REB28ET 5 D T
B-ahbn) KRESDZERERTH Y, INES RN
EATOMMER, EIHT-nh5 1 (bLITZ0M) ~AF
BRIy 75, REENESHATHIHE, 0Ty
OB E T E ERAET O REE DRV
TTHBEL, Vv T L—ENB 2 EBlE (b L ILh

*  FRESAM 174 18148
**  FE 2B SRREAFR (LIRW/INIE2-40-20)
*dk () PFU (RUBRMEL TEHKX 98-2)

t SRAERYR

1404 YBBI L5 Vol.71,No. 11,2005

Z), MHESEBRELTIEICHELTHRNGEINS
(F 5y 708, 20 &S 20BEHEAEN S HIREE %
FI3FRERURTH o2/, TNETT Ty TUBICET
SHFENLLITONTHERY.

BREBHICERENEEND XS 3 &, AV H R ORI
BROMIETT 5y FRBBRTER /RS, MEMS ( micro
electromechanical sysytems ) 5 /%1 X DM 2 E &Rk < b
NOFWEMTHEZ OBEVMED TE L, 20O T LIFBESE
RKIANDOOH 2HETHEEVIBRRAIEAETEELZ X
wi.

BHET¥H 2BV BRRE T, S TS0 > -
SAPBFALTHRETMET 219, BRER (bL ISR
B ZHARAATEN L > ) BHEHECO S < D E8h Uik
Mo CZHWMEEEIER) HAKRISTYHRESEEL TES
EB & BRI THIBOI > NS Z MIgEPo
T L2, ZOE—INBIETHBEREFELRB N ASD
BEIRBICHNL L TH A SN B DI, BRI TR R % 5
WEZERLBIRENTEEE /25, BRAKKENEN Z DT
BB DI LIEWRNRIEBERSE L Lz 2. 22T
AL BSAMIE—DMHEERBEINRBOZE L7 OER
TOMMERA, BEBREMES 7 MNELRCKEETRIET
%29, 7N, B IMBIRLEVEROBEEFOMEE
FEECHET 30 ZMEE LAY T N
K /2RRELT, BRERVADSENRDS. EIT2XK
FTF—FTHORRAIZES LTHHEEET 2 EROH A5
X1/30 ). ZDbMMANENEEOREEE - E 5 HH
ZIHMERTHHENRSD, n /2 THERVETRE LK
BROAT)ESRBEELTNS.

—H, YT NEER AW TR I B s R TR
BENEFEELT, 7 /20BOMEEEFIC AT YER
ZZBBELD AT, FFT ( Fast Fourier Transformation) % i f



LT, frAEER (CARZEE / BIEEEE L) b AR 2SR E
WIECHE T2 HENRS 209, ZokEd 3 KTHIRE nm
DHREETRIETE, AT ENEMIIAWTHIREHEHED
3B < LZ7n . BAE, BREMND R DI T AR 0 R A b
T DHEHEEE A ATTERY OFERNLOELTHELD
THbH.

£ FHERVRN TR ERET 2 I L — 930 i
ENRFATELZEDBAESALGNTNS. BRESD 3XTHR
HE R L— R EMEE SR L, CCDAASERA S
O L AT LA Bl AaA A TR B L E Mg b & pTRRic L7z
BBERENTVEY. £, HREXASNLZTHOL NS
A BEBEFAFA NG T T EERN S 5 SRR
LA LR TY 7Y 2L, #ER R A L E T A i
LTary IR MERAERD, BRESETHET 8
BERFEINTVSY. T B OFEZED THESBRAET
EFDLHETHD, AP RAFEELTEEBENS. LiL,
HESMBEEICE L TIEfrf 7 MERFFT 2 B 2 5EiITh
RDH-TND.

AT, POEEORLS 2HEEOEEELED 2o
TeEE TR THEHC X 5 EMERREREEH L <IRLT
W3, ZOHEIED THERWELTRE E RO L —PFIHER PN
EEBMEACER RIS T3 FEICIEE TS 3. Lvl,
RESREBICE L TS 7 MERFFT 2 N3 kLR
UL~ 2ERL, A ICBWTRERNEBELTTERE (B
ETCOMAI T M ERG6 £ /2) TEHGES LTI SL
THHEFHRLTWAOT, ZMEEHERERE (n/20
P T FEERWBSHE)ICHAG6 N (T hRIZN12
R 2EEOERERDIADED).

8567 O A TORERE TITRIEHEE S JIEEENEET
H 5. AFEZ, nm ODBAEITH Y § SAAER R & Z i
EEROWMBEN B ROEE 2SN T ZHEERRIRREET
W BEERDEEHREOHENWHFELERAIZ LS. EHTIILS
um/s OEEFEERE THEERERBERIEL, REREn
F I A=RNVUTTHEZ EE2HRLTVS.

2. B OE B B

ARFLETIE0. 1mmifE < £ TOFELMPEBREEFTAMT
OB SERRERREOMEEENE LTS, F2T,
R FHES OTGA & 0. Lim o kS HE Z fhE 75 % flf B - 2R
T 57z, THEESEEZFA L, SREEAFTICRD I o—X
Wl > XEPITTZWMEET A HRNEANVE (B1). T0—
WhEERETDHEIL AL D ACEESN -2 RE 2k
I LEMMIZBEEHZE20T, E2 MgEbH - IRER
TFWI 2 SR NRERICTE, fHticE Rz iz s
TR, ZOXERTOTHEEECCDH AT ERHNWT—
EOHBELTFICEEBM D AR, WELE T 5 2 & 2HiiR
LT, BTCRESFEORER—EE RS,

21 FHFarybrsRAMEUBAOEEARE

2.1.1 arbrIRAMEBROFmERS L FHE

FENR EDEMIRARY MR ER WS ETFBEEZEL T
&, THT 5 2 DOBBOHEEERETEHOa > S X b
MEBERSRDHDEMNTES., L LTFEEREIRR 2
ARTEIICHE A OB CERENELERDETOT, E
W2 b I A NOERERET 5-01IZI3GREOY )

2 BO&EIER LED & EEEEETH 2B SB®E nm BERRETA

Digital CCD camera

Blue

-Green
LED Dlg_hroic Half mirror

\ m ll‘(:or
PZT
»
Orange
LED
Lens &

20 x Mirau
objective

Fig.1 An optical layout of the proposed interferometry. Two extremely-high-
power LED alternately emit their color light. A monochrome CCD cam-
era acquires interferograms synchronously with the LED emittings
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Fig.2 Interference-intensity changes along optical path difference (OPD). Black
circles show an example of sampling points using widely used /2
phase step. White circles show that of sampling points using 6m + /2
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Fig.3 OPD dependence of phases #, measured with the light of wavelengths
A,, 4, (A <2,), and OPD dependence of their difference A¢. The latter
is same as the phase measured with equivalence wavelength A,
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Fig.12 A lens set inserted just above the big half mirror in the microscope of
Fig.1 to obtain the same focus shifts with light of 503nm and 591nm
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