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A High-Resolution Heterodyne Interferometer using Beat Frequency
between Two-Axial Modes of a HeNe Laser

Min-Seok Kim*, Seung-Woo Kim*

ABSTRACT

We propose a new scheme of high-resolution heterodyne interferometer that employs the two-axial mode He-Ne
laser with an inter-mode beat frequency of 600~1000 MHz. An electronic RF-heterodyne circuit lowers the beat
frequency down to 5 MHz, so that the phase change of the interferometer output is precisely measured with a
displacement resolution of 0.1 nanometer without significant loss of dynamic bandwidth. A thermal control scheme is
adopted to stabilize the cavity length with aims to suppress frequency drifts caused by the phenomena of frequency
pulling and polarization anisotropy of the two-axial mode laser to a stability level of 2 parts in 10°. The two-axial
mode HeNe laser yields a high output power ot 2.0 mW, which allows us to perform multiple measurements of up to 10
machine axes simultaneously.
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Fig. 1 High-resolution heterodyne interferometer using
the intermode beat of a two-mode stabilized
laser; APD: Avalanche Photo Diode, LO: Local
Oscillator, PS: Power Splitter, DBM: Double

Balanced Mixer
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Fig. 3 A plot of beat frequency variation as the cavity
length increase
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Fig. 6 Fluctuation of beat frequency between stabilized
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5. d 5de HE

2-mode #eolA HIA Al=®H{ v|E9] v
A 2R T Apol AR Wimo] Fag A% 9

A5 ZA43lE Aol ofuel RF-heterodyne 7|
o] 91811 FRpE WE dEo]l MNEe H*W
st Rolvt. wrEkA g deb &
] doly Havt gt

Fig. 7 & 38 Aoz HHstA
F Ade AE FAe FHxolth. Fag Aol
747 MHz °l| &} 3}= i}“ el Zol= 412 mm
ol & HHALAE | mm S2old 1.75° W
$1de] wighoy U}O]ii u]El7} AE 2 ]
22 WAl el YAE MAEE vlolaz nE e
Balso)l 10 um o2 HA 0.0175° THF ] 44

J})l!
O_\., «‘M‘ EE:

ok _IIN‘
[‘lr O.u
N

que xuY

El.

2 WB 5 Atk £ W] FAS dRmE
4.0<10° S| BE MARE eloln FUoRRE @

4 oz =HolFH g Wzt o3 2iE
A" 4 gl

olgAl FozA #HolA THEAY tE 23k 89l
(&7 24E, vjH3A, AHoahg AAd A&
He eaE & & tt Fig 8 of AE e
WAk

200

Pol.(45°)

ML Ll
2-mode Laser
Tube

Q222

Ay =412mm

AFD@

Beat Lo Beat
Signal Signal Moving Stage
DBM with Micrometer
bB ]
Phase Meter
Diplexer N @
P Ret. | LOCKANAMp. |0 P

Signal Signal

Fig. 7 A schematic diagram of the setup used to optically
generate precisely controllable phase differences

—e—B
020 4 C
016
0.124
& 0.08 .
% 0.04 4 /-/: ~ /,‘\\ /./ \:
£ o0 \\‘/ \‘\./\\f' ‘/ \.
utJ -0.04 d L DN
g -0.08
B 12
-0.16 o
-020 — —— r . —_ y
6 -4 2 [ 2 4 [
Displacement {(mm)
Fig. 8 Test results of phase measuring electronics. Two

measurements performed separately are indicated
by B and C, respectively.

HIALA S + 5 mm & 397y A4S 23 o
Hat Ak gtk 93 A ZE7]9(Stanford Research
Systems, Model SR844, RF Lock-in Amplifier) 9%
@ 2E gAEdth $d Ak @ge 0.1°
oJIE ol& % AR FA 2= 0.1 nm ofuf
olt}. o] 2k 2T dolA HHAEA
83 A8 7 A el A HEVY A
A EFH AHELZ7 0.1° ololmrr A 2iaE=
22pO} A 7]Q1gh ke A ZHE )

DC

F2 94 2e)

6. B
2-FHEE ol&3 1 R&F sHzY A



N AES

REEEL

r3kE]Al A 19 Aa4E

AZ Atstgdch RE-slEl Il VHE o] 831y
ol FulH WEO Z M 2. R Imzke] Wxol
T»}T?P '1‘1 7 9l HHol etst FAE &)

}0“”11 L3t o] T W } o] 83t
l 14 Fa% ks shlch Aol A
h‘—o] %J}h OHJE 4.0x10° ¢} aﬂ lﬂ ‘-'ﬂk—"r Qk
4% 2.0x107 o] AdiE Al 2-FRE el
2 ol gshd A u(Zeeman) o)A A Y 01% G5t
F Holdg uhtiv] &l AFE A Yotk
H71e o8
‘~ LO A& 9]
2 98l kit

w3o] Fuhsnel

1 e} A e W ol
L} 58k 3o 3’ 12
of fasitt. A =4
AY 3 0.1° o=
vaol H4de A8 &

or &
2

%7
oy 2000 ke Ao A AL SAR]
AR Do n FHHAAES WPk
BHuE#
L 88 5, deold At vigiEe” 42

Takg A, A 17, A 6 &, pp. 17-24, 2000.
2. Frank C Demarest, “High-resolution, high speed,

low data age uncertainty, heterodyne displacement

measuring interferometer electronics,” Meas. Sci.
Tech., Vol. 9, pp. 1024-1030, 1998.

3. Yi. Xie and Yi-zun Wu, “Zeeman laser
interferometer errors for high-precision

measurements,”
1992,

4. K. Seta and T. O’ishi, “Distance meter utilizing the
interbeat of a He-Ne laser,” Appl. Opt. Vol. 29, pp.
1525-1528, 1989.

Appl. Opt. Vol. 31, pp. 881-884,

201

T. Araki, S. Yokoyama, and N. Suzuki, “Simple
optical distance meter using an intermode-beat
modulation of a He-Ne laser and an electrical-
heterodyne technique,” Rev. Sci. Instrum. Vol. 65, pp.
1883-1888, 1994.

S.C. Bartlett, F. Farahi, and D.A. Jackson, “A dual
resolution noncontact vibration and displacement
sensor based upon a two wavelength source,” Rev.
Sci. Instrum. Vol. 61, pp. 1014-1017, 1990.

R. Balhom, F. Lebowsky, and D. Ullrich, “Beat
frequency between two axial modes of a He-Ne laser
with internal mirrors and its dependence on cavity
Q,” Appl. Opt. Vol. 14, pp. 2955-2959, 1975.

S. Yokoyama, T. Araki, and N. Suzuki, “Intermode
beat stabilized laser with frequency pulling,” Appl.
Opt. Vol. 33, pp. 358-363, 1994.

7 2O . . == ] 2 A =
A A, Wgo] a5 HIHE

°] &

3 2 K HeNe eolxe <ot4sl» in
preparation.



