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Abstract An improved off-axis dual-wavelength digital holography method is presented for three-dimensional surface

topography measurement of objects with significant variations. The object beams informations of the two different

laser wavelengths are recorded on one hologram based on polarization splitting principle, thus the measurement range

can be expanded to micron or millimeter scales by means of the equivalent wavelength induced by difference

frequency effect between the two wavelengths and the equivalent wavelength is longer than any single one. So the

problems of inevitable phase unwrapping when the object morphology with significant variations are measured by a

single wavelength is overcame effectively. The morphology of a staircase sample with micron height variations is

measured. The experimental results are consistent with the nominal values and the values measured by profile-

system, which shows the effectiveness of the proposed method.
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NF: variable neutral filter
BS: beam splitter

PBS: polarizing beam splitter
MO: microscopy objective
PH: pinhole

L: lens

M: mirror

S: sample
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Fig. 1 Experimental setup for recording dual-wavelength digital holograms
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Fig. 2 (a) Digital hologram and (b) Fourier spectra of staircase test-sample

0209010-3



H |

i ot

FIPE T B /s oG B A5 2R i 1 207 4 AL B 2(b)
W S

B 2 (h) Hh i o 70 2 (2 1 [ 8l 0 ] A 3% O A
LROGI 1 G L O T AE T s 0 SR HECH O
REMR L SR R A AR E AT BB E s R e A
I 52 IR 73 A1 32 10 %S JHC RO A 45 2068 R 4 B 2 AR

i

3
2
1
0

RLE, s 3 s . Ho |8 3 Cad HT (b)) 3 53l X iz
532 nmAl 473 nm PR ) 25 2R 0 0 R AT A AL
R 2 R L A3 BN 3Co) A 3(d) BT/ HY fift f) 2
DL AR . B 3Ca) Al 3 (b)) T /i A 58 AH A (5] 15
B S RO I L AR 2 AT A& 4 TR

B3 B I i SR A5 R . () 2RO B A ZE AL 20 A 5 (b) D't ) B0 B AR 130 20 A 5 Cod 0 Y e £ 28 AH 3223 5
(D T O Y ifp 2 2 A 52 53 A7

Fig. 3 Experimental results with single wavelength measurement. (a) Wrapped phase distribution for green beam;

(b) wrapped phase distribution for blue beam; (c¢) unwrapped phase distribution for green beam; (d) unwrapped

phase distribution for blue beam
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Fig. 4 Wrapped phase distribution for equivalent
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Fig. 5 Measurement results with dual-wavelength measurement. (a) Three-dimensional height distribution of the staircase surface

in middle group of Fig. 4; (b) height distribution values along the middle symmetrical line of staircase in Fig. 5(a)
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