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A surface shape measurement system based on differential heterodyne method using a laser
and an acousto-optic device (AO) is descrived. The AO generates two beams which advance
in different directions at different frequencies by driving an electrical signal which has two
frequency components, futfm. The separation angle into the two beams and diffraction angle
are controlled by the frequency, fm and f., respectively. These two beams fall on a surface
and scan thereon. The scanning direction of the two beams can change in various directions
in a 2-dimensional plane by a rotating prism. Difference in surface height between the two
beams is detected from a phase change of a beat signal with an accuracy of the order of lnm.

We applied this system to the fine angle measurement.

with accuracies of =5 seconds.
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Fig. 1 Schematic diagram of two beams gen-
eration from an acousto optic device (AO) by
driving the signal which has two frequency com-
ponents. Separation angle, 6m, and diffraction
angle, 0., are controlled by frequency, fm and
JSa» respectively.
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Fig. 2 Waveform of driving signal which has
two frequency components applied to the AO.
The envelop frequency is 500kHz, in which
carrier frequency of 40 MHz is included.
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Fig. 3 Schematic diagram of surface shape
measurement system by the differential hetero-
dyne method using the two laser beams scanning.

329(69)

BSOMME ¢ 13—, RENRESOMME ¢ IYEEL
TO 2 v —2OHEDONREEE UTEMT 2.
b DEEBRE T B1DIC, ZODIESDOREE ¢.—
¢s ZNIBLLRER TR L, AIHE ¢ DEA/LD SHERD 3
RIETERERE T 5. REDEOMED ELBEZ D F &
v — MEBOMMBEOEITHIET 2700, BRIESDAM
D 1° 13 2 ©— 2emdeiEicsid 5 & 1/720 &
K85, Zo~Fag 4 RETIR, DREEORMHE
OEALEFIC & 2 REDEREOE BB E I h 3 ICiiEBk
HWhTx3.

AYRAFLRBRES IUCYREICEHETS2E—4
it & BICHER L TETL, EEMICE— DK% #
. YEREICEBELAMICRESE LTS 2 B — a3
FIRHCIRBI OFEEZ T 270, BEVicF+ v evdh
TEHENCTIRFOZEELZHIC V., SOIBRNE
SLREDEESORE—D A0 hoERINS 2K —4
HoOE—-MEETH B0, BEREINOZELZTT
ICHIABDRRIAST & 5.

2.3 EEFAEHRE 1 RTEERZROER

AO T2 -2tk X AN 1 RTEEETI &
&, X MPAOEZRFMORARES 5icid, YHAE
EEBAT -V TEERIE, QIET AL 2 E—208
DEEHMEEOEILRENRD L. COBATEEEE
FREAVL - DREOHESEL L OEANTIIN, £
T SDP #ANTHEMICEEFNEERL, 2/KT
HROEEDHHNC 2 € — s A EET 5.

Fig. 4 CEETMEBRY 1 RTA+ v F — OB E
RY. 2mW D/°7 —, JEEH 633nm D He-Ne L —
HF=E» LS SN ERREEER O AEROE — 4
2, V)V FYVANLYX L L VR 2 OEABEEE
T, WEICETRSERNICESD 2FL, BEEHRICE
Hd2y—trRE—AIEHL T AO IBHET 5. AO
DHOIRARE 6. FRICEF 3N 28 -2t BEL 3
(KTiz 1 ADE —LTET). vy—rRE—2%21L v X

receiver R L1+

plate

receiver S 01—

Fig. 4 Optical arrangement of two beams scanning system with conversion

of scanning direction in a X-Y plane.

around the optical axis.
the rest are convex lenses.

The SDP, a rotating prism, rotates

In these lenses, fi and f: and cylindrical lenses,
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Fig. 5 Waveforms of light intensity distribu-
tion of the two beams. Weveform (a) is less
separation, and waveform (b) is large separa-
tion into the two beams.
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Fig. 6 Example of fine angle measurement
using the differential heterodyne method by two
beams scanning. Optical path length difference
between the two beams is detected.
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Fig. 7 Beat signal waveforms obtained angle
measurement shown in Fig. 6. Waveforms (P)
are obtained by flat plane, waveforms (S) are
obtained by slope plane. Each waveforms, sig-
nals of ch 1 are reference signal, ch 2 are reflec-
tion signal. The frequency of each beat signals
is 400 kHz.
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Fig. 8 Relation between phase angle and con-
vex/concave state of the surface shape between
the two spot beams.
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