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Fig. 1 The schematic diagram of common path heterodyne laser interferometer

A ['H‘fﬁl*i AOM:2 ) —RATHIGIE fo+ o), BICHEY W, R E L READE
MaER F LB, RGBT A e AN Bl Rl 2 B, 1EA 5% 6,

R J‘[.bk?éﬁ})l;‘bz BS: HIEG 25 W BS: [I*JI)UJ b, BEAOCHRZEN S PD, B
OGRS, AR

Ino< 1+ cos [2m(f1 - f2)t - B (1)

Hrh, B RIS 22062 0t T4 B AR AN [ 7 A AR 2

n .m.)'ﬁﬁk%ﬂ@% 6T T S A, 1 — G L8 A/4 J&J':"fFU‘ﬁ)'J'tﬁ% BS:, &

i 7> Yo BE PBS . TP I A/4 3, R imdie 77 =k 90°lieds, bk PBS, AT HEA L
HLERII 2§ PD2, TR S — 6405 ', &6 Ifs Sl & on A
Ino< 1+ cos [2m(f1— f2)t—- B - R(x)] (2)

o, B(x) Fos T FF0 2 056 BRI SR ARG 5 NI 55 22 e 2 [ AR 25, « R
A0k 02 1T ) — A R R

EC AT XF I 110 2 110 6 [ v 5 AFL 12 2 Y6 B oA 2 1T 58 R 10~ 39w FE IR 5 h(x), A
S AREOL RS I, A

R(x) = 4mh(x)/A (3)

FEAG S AL B FE v, eh 1 2R THORDRS 8 1) 22 S, 38 1 3[Rl 435 5 et S 1 A8 4 o A £RIE
DARRS BE, Yo s 5ol B ah R bl 2 Ja, o ks BE s 2 00 AH H B 0 AH 90 AH HL R
TN KR R KBRS A i, SEEL T KPS A JE B RIAR S R SEAH 2 R . B n B
IE ANV SEHLVE RS 1) 25 T S 500F 5

BEAE, AN ]SSR [RR I f GRS i, 2843 65E BS2 1 PBS: [ 53 HE NI S #f
BB, IS A B S S B DUAH PRSI RS Lo A U0 50 SR DUAH PRI 2% L 6558 2545
SRULB A SN, IR PT) T thl b e = A A S Fs bl LI, AR A 2 Bl g ) e B 4 g
Zgh, AT HIRE. SEHOES e HRUE S, A S S SRl

3 SEEG AR

ZAE I A B RN 0.5 mm, B £25 pm WHIN, BERKEN 1 pm, 3 dB



P60 t ¥ ¥ it 19 %

BT B2 40 Hzy F 80 20 Bh N BEHLAETE: 30 = 1.95 nm. 1038 9D ) A [7) 20 35 4 4 )
$90.39 nm F10.73 pme

E B BB RGN, R — P m]— B, 207 5 3R A U B A
P AR (PR RS P B, EUOREACE Y 0. 08 mm, LIRSS Wk 1 fk 2 s

Table 1. Results for open loop

open loop in focus close (+ 10 pm) distant (= 10 pm)

No. 1 2 3 hverage |1 2 3  average | 2 3 I,we_ruge
R. /nm 12.814.7]12.913.5/10.0 89 | 9.0 | 9.3 | 5.1 | 5.6 | 6.0 | 5.9
R,/nm |67.0]74.6 | 68.6 | 70.1|45.7 41.1|45.744.2  32.0| 35.0|39.6 | 35.5

T able 2. Resulis for closed loop

closed loop in focus close (+ 10 uym) distant (= 10 pm)
No. 1 2 3 hverageg 1 2 3  average 1 2 3 average
R./om [ 10.6|11.2]10.010.6 | 11.2 9.8 | 11.3]10.7| 9.6 | 8.9 | 10.9| 9.8
R,/nm |64.0|67.0 68.666.5|60.9|56.4 57.9| 58.4 58.7|53.3 655|591
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Table 3. Results for online measurement

5

area 1 2 3 4 average
R, /nm 15.2 14.3 13.8 15.1 14. 7 14. 6
R, /nm 91.4 88. 4 86. 8 76.2 79. 6 84.5
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Table 4. M easured in laboratory

area 1 2 3 4 5 average
R. /nm 14.5 16. 8 15. 4 14. 8 15.3 15. 4
R, /nm 85.4 87.6 89. 1 81.2 90. 3 86. 7
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Abstract A novel laser heterodyne interferometer used for on-line measuring
surface roughness has been developed. It features compact volume (25 em X 20
cm X 10 em) and excellent immunity to environmental disturbances. The system
employs a frequency-stabilized laser diode. The design of common path makes
the measurement beam and the reference beam incident on the surface along the
same way. The processing method of heterodyne signals combines integer mea-
surement with fraction period measurement, so it has wide dynamic range and
high resolution. In addition, critical angle method is introduced for automatic fo—
cusing. The height and lateral resolutions of the system are 0.39 nm and 0. 73
pum respectively. The maximum range of automatic focusing is £0.5 mm and the
focusing accuracy is 1 ym within £25 um of the focus. The stability during 80
minutes is 1. 95 nm (30).

Key words surface roughness, on-line measurement, common path, het-—
erodyne interferometer, automatic focusing.



