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High-speed, High-resolution Phase Measuring Technique for Heterodyne Displacement
Measuring Interferometers.

Seung-Woo Kim , Min-Seok Kim
Mechanical Engineering Department, KAIST

ABSTRACT

One of the ever-increasing demands on the performances of heterodyne interferometers is to improve the measurement
resolution, of which current state-of-the-art reaches the region of sub-nanometers. We propose a new scheme of phase-
measuring electronics that reduces the measurement resolution without further increase in clock speed. Our scheme adopts a
super-heterodyne technique that lowers the original beat frequency to a level of 1 MHz by mixing it with electrically
generated reference signal. The technique enables us to measure the phase of Doppler shift with a resolution of 1.58
nanometer at a sampling rate of 1 MHz. To avoid the undesirable decrease in the maximum measurable speed caused by the
lowered beat frequency, a special form of frequency up-down counting technique is combined with the super-heterodyning.
This allows performing required phase unwrapping simply by using programmable digital gates without 27 ambiguities up to

the maximum velocity of 2.35 m/s.
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Fig. 1 Block diagram of a typical heterodyne
imerferometer system. f; and f, are the frequencies of the
two-frequency  laser source. Polarization  states
perpendicular to the plane of the page,
the plane of the page, | , are indicated.
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Fig. 2 Diagram illustrating how a phase meter works.
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Fig. 3 Detection Bandwidth which is directly related to
the maximum measurable slew rate. fey and fio are
frequencies of optically heterodyned beat signal and
electrically generated local oscillator signal, respectively

°ol& sjdst7] #ls) Fig. 4 9 Zol 2749 &
YRA7E ol8ste =28 Frgo FIo #A
el &, sﬂH Bl AU B2 99
% #AEE 3t =59 FH5IL 49 PR
d 85 é%‘”i A B A8, 29 B5Y A
T+ 54 A% B £ AH85td EAY U
Aol EE Furs F4 49 gho) "t

RF —*?—W St [Wea S8
. Lo
fbﬂ: Af fbm"f
RF —-;?___m_. f+of [Mea SgralA> R
fbem"f
Fig. 4 Two-way heterodyning method.
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Fig.5  Block diagram of the phase meter
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Fig. 6 Results of dynamic test.
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