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Real-time Measurement of Precision Displacement
using Fiber Optic EFPI Sensor
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ABSTRACT

Precision displacement of less than a few nm resolution was measured in real-time using fiber optic EFPI
sensor. The novel method for real-time processing of analyzing EFPI output signal was developed and
verified. Linearity in the mean values of interferometric light intensity among adjacent fringes was shown,
and the sinusoidal approximation algorithm that estimates past and coming fringe values was verified through
the linearity. Real-time signal processing program was developed, and the intensity signal of the EFPI sensor

was transformed to the phase shift with this program. The resolution below 0.4 ~ 10 nm in the displacement

range of 0 ~ 300 um was obtained by reducing the photodetector noise using low-pass filter and signal

averaging. The nano-translation stage with a Piezo-electric actuator and the EFPI sensor system was designed

and tested. This stage successfully reached to the desired destination in 15 zom range within 1 nm accuracy.
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Fig. 1 Schematic diagram of EFPI sensor.
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Fig. 2 Intensity variation from infinitesimal
displacement as the path difference.

a2} Fig. 2 oA Hole Hie} #o] Fdgt 1
ARy M E g AEe 232 57 A
ot webA, 948 FHs WHE Absidie
e wAa W] HAF N Ho| ¥ TYUXA
B32AA olyH XX Atole] FIb F-E<A
e} AME F WA L= deEAA Hoh

22 EFPI Al o] ¥4 A dnelgE

EFPI AA 9 A$ 7452 Zolzl &ty o
g F A= g #Hagkel v A Hol
Hevith 42 g 445 gdstodor Fda 9
A dsE Aatsd ¢ dA Ik ol# e F A
Lo Hage 7 28 e Autyoz vl
F4g gAT o 2 o] M Z-A At

Sog 1l

iy

gt
dME FaHoz A8 4(local linearity) 7HI .
B AFolHE ol o]gstel FAH EFPI AA

J
[s]

o £2 % AEE AV Aoz BAFOLA
P
-

Aake) Wzs AT Acte HEE Hfn
A9e 53 AT

F A&7 &8 Hde oLy Ze AL
AA ¥R ALddAd. S F A&7 A4 4E
o A F AS AXY A AdE Y 27
A4S AFs 9 2 gFoE2 FolAE
EFPl AlA9) A wigs Hdigid Haxged ql
3} =



Voltage (V)

Time (sec)

Fig. 3 Sections of EFPI output signal.
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Fig. 4 Flowchart of the real-time
signal processing program.
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Fig. 5 Noise signal of photodetector
at 0.580 V of EFPI amplitude.
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Fig. 6 Displacement results of EFPI
nano-translation stage.
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