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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
Department of Mechanical Engineering, KAIST

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 of
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. 2 Periodic movements of longitudinal modes
corresponding with A/2 cavity expansion. (a)
Longitudinal modes standing in the gain curve, (b)
movement of longitudinal modes as cavity length
increases, (¢) polarization states are in reverse order to
the stage (a), but output frequencies are same.
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5. #olA XHAAY AF

2-mode #olA zZH3A Alxelnp s1E9 T E
Al2gixhe] zbole A3 WEo] Fukg AF o ¢
AaE ZA3= Aol olyEl  RF-heterodyne 71
of o& FuE EE Wimol Az YAAE F
At Aolch wdaps 94E vy & ZAste

2 grob W7t 9l

Pol (45°)

Moving Stage

APD E 2-mode Laser
% Tube
l Pol.

e

- Phase Meter "
et
Ref. Maa.
Signal Signal

Fig. 7 A schematic diagram of the setup used to optically

generate precisely controllable phase differences

Fig. 7 & Fyoz AHdsA A4de z2d
S AW gAY FARelth Fua Helzt
747 MHz o} sj@sts @4 el Dol 412 mm
ol g HMAAE | mm TE oW 1.75° =bF
9)apo] Mttt vholaE wEs} FHe ol
2 WAe) XS WASA vlolaz wEe) ¥
sFol 10 pm olZ2 A 0.0175° WF ALS
LS e HAEE
4.0x10° o]B 2 WAL G o)A FYLRFE ¥
i ol HolFd v Wae] olg eAbs

i

o 350]

FI

4Ur

-218 -



A& & ek olFA dozH ol HEAY
e ea 22037 2HE, WAHYA, FEeah
S AL A~ 938 78 4 gloh. Fig. 89l
ZAE YeERUT BAMAE £S5mm 2 & oy
VAL S &3 ¥ 943 da 94 A&7
(Stanford Research Systems, Model SR844, RF Lock-in
Amplifier) 914 &9 A& AAAY. A4 o3
e BT 01° oJUlE o2 U }1&1 A o
¥ 0.1 nm oJujolt}. o] At 3 E&l% oA
HEARA F83 AT F Ae #olH Lock-in
Amplifier o] A4 =& A=t 01° olYolmz
A4 Q2= FE Lock-in Amplifier 22Fol4] 1<)
Fide Sl EAS R =5

—e—B

0.20 —e—C

4
0.16 4

4
0.12 o
0.08

0.04 4
0.00 \.
L]

-0.04

-0.08

Phase Error(degree)

-0.12 4

-0.16 4

T T T T T 1

-6 -4 -2 L] 2 4 6

Displacement {mm)
Fig. 8 Results of phase accuracy of a high-resolution laser

interferometer system

6. 48

2-TREE 0|43t 1 Beiy sdHzo 74
AE Aetsta FAdstAch RE-#eH O 7|WE
ol g3la] wWipo] FuLE WFoezN 2.Fn=7
o] wixo] FuLrt UE A Y4 FHol &I
TAE Ao w3 dEol Fug WE
ol g3t wolA Fu4E AdAHg s B A7
oA WiEo] Fukp AR 40x10° 9 HolH F
o AT 20x10° o AHE Ay 2.FRE=
HolxE o] &3tH Zeeman dolHAY o]|F F
F HolAE &Y 8 AFE h8kA] golx H
o WEo] ke A dF £ AFE x|
%= FAdo] Aok &, LO A3F e FHFEE uiFo
H Wizo| Fu4E dite WE WHE S glom
E5A EA9 50 uet MY WEyo] Ty
23 % v £33 Fof o] 2 mW ol4
2 s FH fadsck f4d 23 HAdxg
2Eg A3 94 «abs 0.1° ohl& WEo] 4
TE @30 SHIAT 44 FHo| Bol

o my by fm

9L gl Aoz #AAHA g B ATl
A g AR 14 AR 281 o &
RO 2 JHe FA HAdtin #dEH 2ol
o] Aojgolyt ZArio] WY FHLow FEI
g4 5 g Ao 7o

-

7]

T 2000 A= FAHATIEFAE S A
FHAASE FYU

1. 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

2. Yi. Xie and Yi-zun Wu, “Zeeman laser interferometer
errors for high-precision measurements,” Appl. Opt.
Vol. 31, pp. 881-884, 1992

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

4. 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

5. 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

6. 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

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

8. A Yariv, * Optical Electronics in Modern
Communications,” 5% edition, Oxford University

Press, pp. 175, 1997

-219 -



