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Abstract A synthetic-wave absolute-distance interferometry system is proposed to achieve high-accuracy absolute-
distance measurements. In this system, the light source is a quadrature-demodulated Pound-Drever-Hall frequency-
stabilized two-cavity dual-frequency Nd : YAG laser (TCDFL) with a significant frequency difference. A Mach-Zehnder
interferometry structure is employed, and a synthetic-wave absolute-distance heterodyne interferometric system is
designed; hence, two heterodyne interference signals with the same frequency can be obtained. The phase-difference of
both heterodyne interference signals is measured to determine the fractional order of the synthetic-wave interference
fringes. In addition, the integer order of the synthetic-wave interference fringes can be uniquely determined by
preliminarily estimating the measured distance. Thus, absolute-distance measurements can be achieved. An experimental
system of synthetic-wavelength calibration and absolute-distance interferometric measurement is established using the
diode-pumped orthogonally and linearly polarized TCDFL with a frequency-difference of 24 GHz at 1064 nm. The
experimental results show that the synthetic-wavelength in the air is 12. 4614 mm with a standard deviation of 0. 13 pm. A

repeated measurement average of 899. 3851 mm is obtained at a measured absolute-distance of 900 mm. Correspondingly,

s HEE. 2022-10-08; fEE EH: 2022-11-18; FAHBHER. 2022-11-22
HEWH.: HEAKRR¥E4 (51875455,62075180,52004213,52205067) .74 2 1 BH% 18135 H (22GXEW0089)
BIEIEH: '2237663196(@qq. com

0312025-1



https://dx.doi.org/10.3788/LOP222685
mailto:E-mail:2237663196@qq.com
mailto:E-mail:2237663196@qq.com

B R IL

the standard deviation and measurement uncertainty are estimated to be 1.36 pm and 4.08 pm, respectively. This
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experimental study lays a solid foundation for future research and development of high-precision absolute-distance

interferometers.
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interferometer; optical heterodyne
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LD laser diode; OF: optical fiber; L: lens; PBS: polarizing beam splitter; FP: Fabry-Perot etalon; OC: output coupler;

PZT: piezoelectric transducer; ISO: optical isolator; P: polarizer; EOM: electro-optic modulator; DDS: direct digital synthesizer;
EOM-DR: EOM driver; QWP: quarter wave-plate; BS: beam splitter; F-P: Fabry-Perot reference cavity; PD: photodetector;

I/V: current-to-voltage; FSA: frequency-selective amplifier; QDU: quadrature-demodulated unit; D/A: digital-to-analog;

PZT-DR: PZT driver
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Fig. 1 Schematic diagram of the frequency-difference stabilizing system for the TCDFL using QD-PDH frequency stabilizing method
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Fig. 2 Oscillating spectra of dual-frequency laser with a frequency-difference of 24 GHz

0312025-3



B R IL

H60LEEIH /2023 F 2 A/ B EBFEHE

250
= linear cavity
® right-angle cavity
200 = afit for linear cavity
——— afit for right-angle cavity K 4
=
£ 150}
@
3
£ 1o
1 -
B
S
B0k
0 1

Pump power /W

B3 WOt 35 LD W 50 6 R
Fig. 3 Relationship between the laser output power and LD

pump power

2.2 QD-PDHEIMEZS LM Fasss "™
TE 1A T 3B 43 , DN EL 4R s Bt 9 p i 41 D6 A vk e
1 I B 2% 1SO, AR R 2% Py HE A B G AR A7 37 il 2%
EOM, A7 A7 il o BRI A 4% DDS 7™~
A =B RE SE R AR 3R A5 S o — I IE 2 5 S &l
IS N (SN R Ok R VA KN SRR 1]
B IE SR AR AR SR R 2 AR BT Y R 2
o WE S RO R 203 PBS, 1/4 9 B QWP fil 4
N EBSEEHAANEFPEERE, HFPEEER
G H R 4k QWP PBS, I 76 0% HL 3R I 2% PD, &b 1k
s 22T . TWAE T & i R 1/ vV, H B 5
LKA FSA N 10 MHz (5 5 2547 50K F gk 47 b BE, S%
J&i 5 WS % {5 5 10 1R 2 Mg A BT QDU itk 47 R
PR UL ], 7 B R I R IR IR 22 05 5 1Y R A o i
FIEAS o3 i
2000

1500 |
1000
500
0
-500

QD-PDH error /mV

-1000

~1500 - W

-2000

0 20 40 60 80 100
Time /ms

FEE TSR N8 40, DA B AR s i 9 s O i ' 28 i o
B M 5 MK GE 1 1SO, F1 P, 88 J5 38 A EOM, H 47 4
SryES . WSS RO R 204 PBS, . QWP, I BS )5 3
HAHWZEF-PS I, F-PIERSEHRZT QWP,
M PBS, I 76 PD AL #4764 2 T3 . THES &
I/V, M FSA, % 10 MHz {5 5 P47 3K R 32 4 ik 28, 5%
J& 5 WS %5 5 16 1B 22 BT QDU kA7 R 2
RO A I, 45 2 B A ORI RS R 2205 5 1 R AH 43 1=
FIIE 28 57 o

K FH ] — N A 80 5% e 2% A /D TR A R 46 H 26 I A
ELAA I ARAS I DO BRI IR AR S i R R
L ALAILHC H AT 8507 AR RORS: 0 1z SR B A AR A3 4 ol
iz FAS B P B R A A5 5 o (5 T A BB L e A%
D/A,FI D/A e 3 N BEUAF 5, JF S A 2 6 W B % 3K
3 PZT-DR BLoc #4715 5 i R Sk 21, 8K )5 4 w5
%A M 5 A% B 2 R 45 7E BRI N B A I e ek R
PZT ™, BB R T 1 4R 0 R AR s 0 I K, B XU %
A A [ I 4 B [F]— 6 F-P &% 5 0B A 5] 18 IR
AR b DA S BB OG22 55 E

DI 22 F 24 GHz i LD 238 1064 nm 1E 38 £k s 7
TCDFLAE RN 4, R H %5 Bl b 375 MHz,
FANE R A21 M F-P S % /e W fa i e e, @ r 7
TCDFL H 28 i fl B/ s QD-PDH R 52 48 R 45, IF
A3 IE 5T TS R RSO R . R RN A
QD-PDH 240l T 2 4t (19 % 00 ih 2% an &1 4 7w, i
Fa(aO) U AR HELBER FRAZIRER
5L Mk B A Bl 5.08 MHz, % J R L E N
222.72 mV/MHz; # & 4 (b) 7] LA 153515 2] 1 ff i f&
Wi R GRS VE o 4. 87 MHz, 40
R AR M 208. 98 mV/MHz,

2000

®)
1500 -

QD-PDH error /mV
=

0 20 40 60 80 100
Time /ms

K4 QD-PDH M1 FR G 8MINZR . (a) B 5 (b) ELA
Fig. 4 Frequency discriminating curves of the QD-PDH. (a) Linear cavity; (b) right-angle cavity
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stabilization; ISO: optical isolator; BS: beam splitter; AOFS: acousto-optic frequency shifter; BE: beam expander;
CCP: cube corner prism; M: mirror; PBS: polarizing beam splitter; PD: photodetector; AMP: amplifier; BPF: band-pass filter;
DPM: digital phase meter; HC: host computer
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Fig. 7 Schematic diagram of dual-frequency laser synthetic-wave absolute-distance interferometric system
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A K s 2 S B A FRAE SR 1, ATRLE
AWK A E A, =12. 4614 mm. ARE I ZEIR A
AR B K bR E AR E2E R 0. 13 pm,

0312025-6



B R IL

B
=

% 605%E 3H/2023 F2 B/HMAERBFEHE

:

[s]

_

o
T

Phase-difference /()
g B

Phase-difference /()
— —
g2 g

120 120 -
a0 1 1 1 1 L 90 1 1 1 Il 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Sampling point Sampling point
8 Ah2 T AR o BAA AL 22 o (a) IR 3 5 (b) 28 R
Fig. 8 Phase-difference of heterodyne interference signals. (a) Starting position; (b) ending position
T T T TT T TIT T T LA B S B T A T
'i i ﬁ : . '||' i : . : 'l' 1 1 " t J"I Table 1 Experimental data and processing results of synthetic-
t 1 ;: 11 |= [ T ’ ,'r wavelength calibration
~20bF T T ostlobtoAlLog LD
f’_..:; 't |L# | " T | # I II.Tl + 1 }" [Agﬁl—AqﬂzJ/
% L | 1 b 114 ¢4 11 11 .1 i A /() A, /() “) & A /mm
EREIETREERAR R
| [k | " ol
g 180 ' . RS 'r: ' BB 1 218.561 200.696  17.865  0.049625 12.4614
. | T4t 111 k7] ¢ ¢ 7
L 'Ilrr J'II ', I""f . ‘: t ]I' | -:l Tr L 2 218.457 200.569 17. 888 0.049689 12.4613
=Y | | ) - 1 L
N | '
901. i 1 T: % i ;’ ; . T || : 1 : L 3 218.680 200.824 17.856 0.049600 12.4614
A B ) \ | b
EEREEEREEEREEE R 4 218.556 200.730  17.826  0.049517 12.4614
0 I I S A P T L S
0 50 100 150 200 250 300 5 218.491 200.698 17.793 0.049425 12.4615
Sampling point
6 218.354 200.670 17.684 0.049122 12.4617
9 CCP ISR il e A 1 22 9 22 A 7 218.576 200.695  17.881  0.049669 12.4613
Fig. 9 Phase-difference variation during continuous movement
of CCP 8 218.462 200.677 17.785 0.049403 12.4615
42 GBS 9 218.621 200.759 17.862 0.049617 12.4614
. 2B X W=
1.2.1 BB ETFHNE LRIk 10 218.504 200.633 17.871 0.049642 12.4613
T 2 %8 L 00 4 S g vh , COP 4% 22 [ 58 FE i 45 A /mm 12.4614
LfiR L LR 5 BAT 2 I - 1) 0 Bl B

EAT RN R 352 22 (2 8 65 /9 T2 28 0 4G B DR 28 )
INTF U2y 22— B K (3. 1154 mm) |, Ji 2 R 5K
2) H A HEAT e 0 R S I, PEA I SRS B
LD Z W% K 6.1 W, A TCDFL % i i — o 1F
S 2 i B UG HE A 4 % BE B T I B R gh, B
RSZEG TR 1 5, SR H DPM 43 351 I o 4 X6 1
A AT L 7 B AL PD B Y I A 22 T 8BRS B AR
P22 s8R )5, R FH B 46 A B8 5 %) e D00 B8 8 A7 KL e
Ji B A R AT A X B I S5 SR HCZs I N O
BIE SR 2
4.2.2 B TFINETELHLERE M
ST BT A5 RS LR AL Y T B AN 22 T
{55 WAL 245 B & 10(a) L& 10(h) Bi s o

My [&10 AT %0, R 8 7 AL 1 O 3 6 A 2% Mg =
218.755°, Z& i in Ak B F X HH 2 22 Ap,=93. 6847,
2 Xof B BB A D.=900 mm , ¥ D, 1 A, & AR (5)
H L RS BT A S0 R B N= 144, fR 4R A
FIN G A B Ah B Y A A 22 Ay Ag, TSRS /N EL
PR e=0. 347419, Ktk , By 2K (3) SR A5 48 %5 FE B3 114
K 899. 3855 mm.,
XF 900 mm H I B ES AT 10 Yk I =, A 4
Xof B ) S e M AL FR A SR L 2, R 2 W,
2t %oF B R 0 OF- ¥ {E D,,=899. 3851 mm. AR 45 I
FE IR N 2Nl 3 A5 B s X B R I R B o 22 o=
1. 36 pm , H i A 58 B 9D=230=4. 08 pm, #H X
B ORHE B SD/D,,=4. 54X 10,
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Table 2 Experimental data and processing results of absolute-

distance measurement

[A¢1"A¢zj/
()

i Ap /() Aep, /(0) € D; /mm

1 218.755 93.684 125.071 0.347419 899. 3855
2 218.626 93.544 125. 082 0.347450 899. 3857
3 218.504 93.625 124. 879 0. 346886 899. 3821
4 218.788 93.676 125.112 0.347533 899. 3862
5 218.638 93.614 125.024 0.347289 899. 3847
6 218.509 93.563 124.946 0.347072 899. 3833
7 218.695 93.533 125.162 0.347672 899. 3870
8 218.569 93.466 125.103 0. 347508 899. 3860
9 218.774 93.712 125.062 0.347394 899. 3853
10 218.419 93. 345 125.074 0.347428 899. 3855
D, /mm 899. 3851

5 %% i

Xof S 56 5 BEHEAT 43 BT AT, A L K AR E B N B
FERE S AN & 00 AR B A G %k RS
e B AL & RTINS B AR 1R 25 . X IR
I N B R A2 RO O 04 0 25 AN B B L A AN U
AN R A ST R AR AR A D ER Y s ), o E
— 5 M % TCDFL i 54 |, 2k 43 991 25 30~120 GHz
PR R 25 1T 8 18 1 32 4k it B RUIIO fa Hh , FXF QD-
PDH 200 Z G5 #4706 4k DL 5 XU 306 19 4 25 Fa e
PR, TR BURRE 19 2 906 L% 5 55 4, 8 I £ A
JEE W A DPM SE B0 AR, 5 % 23 ST S R AT A
AT DL S B A 28 A 6o B i

Wit T T k-8 5 R T AL S F9 1) 1064 nm
TCDFL & Bk 46 % B 55 T 90 i R 48, L QD-PDH
A TCDFLAE SR, #5717 A I bR a2 A4 Xt
BT WIS ARG, SRR T W R Ah 22 T
WG, g R, =P iy A B KR e H

12. 4614 mm, H AR 224 0. 13 pm; 24 80 2 X 55 25
7900 mm B, JH 5 52 00 7 H4E Ry 899. 3851 mm, I
BATEEMT 4.1 pm. LRI LE R B T Arik
TH B U O A B 4 o B 9 I R 4 s AT
TR, R 4 T T R R RS 2 o4 o 10 5 95 I 2 1 R 0 5
BEGE T IR SR
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