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Fast optical delay line device based on involute principle
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Abstract: To improve the performance of optical delay line devices, a Fast Optical Delay Line(FODIL)
device was designed on the basis of the principle of involutes. After analysis of the basic principle of
involutes, a mathematical model was established and the delay distance formula of the designed FODL
device was comprehensively derived. The light spot distortion resulted from the incident light through
the FODL device was theoretically and experimentally analyzed. Finally, a Michelson interference sys-
tem was built to test the specifications of the device, including delay linearity, delay stability, delay
distance and scanning frequency. The results demonstrate that the light spot distortion of the FODL
device is linked closely to the radius of the incident light spot and the rotation angle interval of the ro-
tating plane mirror. The smaller of the two factors are, the smaller of the light spot distortion will
be. As shown by the data analysis, the delay distance is 40. 036 mm while the delay time is 133. 453
ps. The errors of linearity and stability are 0.419% and 0. 806 % , respectively. Moreover, the scanning fre-
quency reaches 20 Hz. As compared with the common optical delay line device, the device in this paper pro-

vides with a larger delay range and a higher scanning frequency. Meanwhile, it has advantages in scanning lin-
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earity and stability, which meets the use requirements of fast optical delay lines.

Key words: optical delay line device; involute; linearity; delay distance; scanning frequency;light spot

distortion

|

nu\:

Ye2# FE R 28 (Optical Delay Line, ODL) &2k
AR AL iy B R AR AL R Y — PR AE R B AR
25 I O F AR T P ] 23 B ROk R
Faf AR T2 M AR B AR DL RO 2 FE -2 4
AR N 2E R A )2 N AT . F
14 1 2 B R 4 256 1 A S 2 R A0 i H L K 3l 2
LRS- E 06215 1) B B L X 8 24 48 R
2 HL A A A JE 3R B[R] HER T O B AL
A B8 S BP0 5 A 2 2 ) P L P
9K 2l 2 G B ok Bl A2 O B O R AR Ak i 3XORP AE R
] DLSCEL kHz LA i i s B el A8 L (H i T
FL 46 BB 2 1 1 B B N BOK B G, BTG VR R R S
KA R A SR 5 55 At A HE R 2R R AL
9K By Jie i 31 1A Ok U e R L (R B Z R AR 1
BRI, AN 5] Stk B 2% i HLERG L AR v
GBS, 2 B xR A 3 A 0 R R AT
SO M A R A S S S 4 I 81 X AE
R R A B IR Bl e G B A SR R R
S Jik v B [ B 3R 2% 0T K U Tl o SiE SR 4R B
51 2 b A Ak ) g R S ik B E R 2 R A
ARG5ESE W X C Zhang %5 A % W [ B F 26
FER 2R HBE IR 5] ns & G ) 23R, T 5=
S5 NI T [l 2 R T T sz S9) 45 52 9 1 4 s S =X A
PEFIHE ODL, HAE 3R 5 A Fb AL G0 il 4 28 5 [l 5 1R
e T B S B R T — A AR L R A 7.5
Hz, #ER i B[ A 50 ps“ﬂo

ARG VLB ODL M f a5, 2 T — Fh 3
T F 2 D B A PR O 2% SiE R £ (Fast Optical
Delay Line, FODL) %%, 1%%& B e 7% 7l L e 5%
S TH 2 S5 R O ot T S SR A 3 R A ALk .
13 TR AT R G XL AR IR A E A RE AT T
W42, 45 B LW . 3% FODL % 8 H A7 46 R BB 55k
A3 1w G BRSPS O R AT
FHF AR B AL B R G Fst ) o Bt R g,

2 RFHREZWRIEHH

2.1 RFTREWERFEST
W F 2B IR AR (D T 2R FAT S —
UL 5 W T 2 B B AR 5 (2) 2k 5 3 [ 1
I SCBIT T2 b 0 8 i R 2 , A T U0 A 3 T £k
B (5 S A 2 A B A BE . PR, O A F
o I L T 0 7 O 2 AR A RS R A R T
G FE 22 (Optical Path Delay, OPD),
WIT RS EO R RN
x=rcos O+ rfsin 0
y=rsin 0— rfcos 0
AR 45 9 T 4 5 B8Ol 2% B OR R B IR o 52
R ' S L e A SR B R ST B AR BR &R L
K1 R

D

B 1 iR BeER R

Fig.1 Mathematical model of involute
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Fig. 2 Theoretical model of beam distortion
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Fig. 5 Theoretical analysis and experimental valida-

tion of beam distortion
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Tab.1 Parameters of beam distortion
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0.5 30 0.610 0. 556 1. 20
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1.5 15 1. 276 1.016 2.34
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Tab. 2 Analysis of scanning frequency
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