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High-precision 3-D surface measurement
using multi-wavelength digital holography
referenced by optical frequency comb

D.G.Abdelsalam




Principle

Merits:
1- High-precision (referenced to the FC of the fiber laser which is
stabilized to the Rb atomic clock of 10-!? uncertainty)

2- Large stepped structures (by varying the repetition rate of femtosecond
pulses)

3- Does not need phase unwrapping V= Nofrept £ LeeoT fheat
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Frequency (Hz)

Results: calibration, wavelength vs. f, |
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Actual and apparent values of wavelengths (0.0005)

Frequency Domain

App. (nm) 1538.8700 1538.8705 1538.8710 1538.8715 1538.8720 1538.8725  1538.8730
Actual (+nm) 1538.8696 1538.8701 1538.8706 1538.8711 1538.8716 1538.8721 1538.8726
Actual (-nm) 1538.8704 1538.8709 1538.8714 1538.8719 1538.8724 1538.8729  1538.8734
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1-1. USF object

(Wavelength = 1538.8721 nm) (Wavelength = 1537.8711 nm)




1-1. Reconstruction (original)
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1-1. Reconstruction (corrected)

(Wavelength 1538. 8721 nm) Wavelength (1537.8711 nm)
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1-1. Differences (amplitudes & phases)
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1-2. Rough object (Japanese 1 yen coin)

- 1542.7661 nm 1534.8211 nm




1-2. Hologram correction
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1-2. Impact of noise on reconstruction
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1-2. Reconstruction of two holograms at different
1542.7661 nm wavelengths 1534.8211 nm
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1-2. 3D amplitude and phase differences

3D Phase difference 3D Phase difference (reversed)
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1-2. 3D amplitude and phase differences

3D Phase differenc - 3D Phase difference (reversed)
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3. Digital holographic microscopy referenced by OFC
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3-1. Calibration and impact of ambient vibrations
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3-2. USF object (pattern 1)

Image (1537.3840 nm)
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Image (1536.9372 nm)
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3-3. USF object (pattern 5)
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3-2. Phase difference (1537.3840nm - 1537.3845nm)
Phase diff (corrected phase)
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3-3. Phase difference (1536.9372nm - 1537.0236nm)
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3-4. USF object (some patterns) at 1540.8583 nm




4. High-precision multi-object investigation by multi-

wavelength DH referenced by OFC
1456 nm — 1630 nm_ECLD

Wavemeter | _
M Fiber coupler

Feedback Object 1

PZT Controller

M2
Fiber Laser / A2 G RF Spectrum
R I Analyzer
U = L Object 2
f control PB NPBS
v W\
M -\ Y/
Pl_e?q iontrollpr PD
W - -
Computer - l - Expander

\\\Q NN

- SRR
SRR
—— \§ —

InGaAs
Camera VO3

. W
=W

s
i

’ 4
A " 7

) : o 1 9 8 "7
,/’- 7 = ?'{/

T v,




Y (pixels)

Y (pixels)

n
<

Po—
<
<

—
(&)
O

4-1. Phase shifting (1540.4010 nm
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4-1. Phase shifting (1541.4015 nm
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4-1. Reconstruction

3D Phase at (1540.4010 nm)
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4-1. Results and the coming work

Surface height Surface height
measurement measurement
(phase-shift) (Nominal)

Apparent wavelength (nm) | 7.1800 32 mm

(1540.4010 & 1541.4015)

Actual wavelength (+nm) 7.1800 29 mm

(1540.4006 & 1541.4011) S{EELOD il

Actual wavelength (-nm) 7.1800 37 mm

(1540.4014 & 1541.4019)
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Thank you for listening.
Any guestions or suggestions?



