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Phase Locking and Control System of Laser Field
Over a Large Range
Abstract:
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key words:

A phase control method of femtosecond laser pulse pair over a large range is presented, which is based on
beam from the He-Ne laser and the relative phase difference control for femtosecond laser pulse pair are validated

the assumption that change of the laser polarization state affects the optical path difference factor of the two beams in
the Michelson interferometer. Based on the phase locking of the two beams from the He-Ne laser, the relative phase

hafl3

difference control for femtosecond laser pulse pair is achieved over a large range. The dynamic phase locking for the

experimentally. The former experimental result shows that the optical path difference of the two arms is controlled
within nanometer scale. The measured autocorrelation curve of the femtosecond laser pulse fits the theoretical result
well, and the Fourier transform shows a single-peak spectrum. The system can steadily achieve the relative phase
difference dynamic control of the femtosecond laser pulse pair almost without limitation of range.
ultrafast optics; ultrafast spectroscopy; phase control; feedback control
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Fig. 1 Principle of phase difference controlling system
ME 1 FR , ARG EE BT B B
H— IR DUl A BEBCE R 1/2 B R 4R T8 7 1)
it 90°, Z J5 i BROE — i i 5T R RF LA IS X £ BE
B 1/4 R, o AR S TR L A HE P ORI A 4k Ot
GrAl R BRI A
E () =E.,(®) +E,,(¢) =
Eixcoswt + E ysinwt, D
E;(t) =E., (&) + E;, () =
E;xcos(wt + &) + E;ysin(wt + 8, (2)
Hh o PR ITEIL L 1 B R B T B T B R
Gt 5 | A2 B A R i A O B AR 2 22, B R ELE T
ASCH T 3 2 1 3 B A B AR D B U, oA R

Bz a5 y HEESE LS R
E, = E coswt+ E;sin(wt 4+ 6, 3
E, = Eisinwt + E;cos(wt + ). 4

TSy ES 2 FaEM o WS,
MBS 43 B2 63 J7 18] b W8 < B A, # AT LA
BRESRREECHENBEGRE, BT R
T 2% A7 L 0B i 5
I=F = [Eicos(wt — @) + E;sin(wt +8+ @ I =

Ei[1+4cos2(wt—@ 1/2+
Ei[1—cos 2wt +0+¢)1/2+
E\E;[sinQwt + & + sin(5+ 2¢) 1. (5)

7 FRAR TN A% 1 e 7 B ) SIS K TR i A, b

AN R AR, HAE o B — o, BRI 28 B 1

T — %(E1 —E,)? +2E, E,cos’ (

ro| o,

v

(6)
BRERINAS B 658 T R Pk o Y . —# o J
ELIR, A o A B B B 6 3R A 4 W L8
73— RGBT W AR PR [ 6% o
B Am B B 1 o A R —RIX BRIV 7
I KRB R AE M B S T W e R E X T 51 A
T2 50 W S 35y KR 7 (5 R AT R B e e
A A A A ST A 7 22 19 B A4

3  He-Ne BEOGMHAL 8 E R4 K LK
BH ML AUR
3.1 ZXBKE
RATBEIT B X He-Ne 6 19 A 7 8 & K A Ar
BHARGHWSHME 2 Fix.
T,

Excuter

Feedback module

module

A2

S
lHe—-Ne laser 7~
— Polatizor 1"

~+=(contzol by Control
motor) module

Attenuator

and aperture =" Divider PID

B 2 HeNe Ot ZHHRELEWE
Fig. 2 Structure of He-Ne laser phase difference

controlling system

WA 2 B » A R G0 R BTR B AT AR B s 1
B =M. RBRESR G e B9 T 3 40™
A EHE S, 3k 1(PDD ARk 2(PD2) #5919
B EE T B R L AD Bedie O BEAT R 48 Bl AR B
LB R LT RAE AL B G RS R I ER B , ATAR
RPATIE R T RBOEIR . =& X HEH B — M
e X R A B =X PID Bk T i, R
PR ST BRI X R B P . PRAT AR B R
HUTMAL RS A 1T DL A KRS BE A B S BN T W S
KR W AR ZMW B R, 5P LRSS,
SCB S e B B e R 25 i AT AR 3 8 ) AR RE B A
Fr ] .

RYLiz 17 I TEAS i B8 ke 5% 19 IR i #5477 PID
P AT ST A2, FE R BT He-Ne JEH9 M
XA 2 22 G S0 BE AL T8 o1 s B . B A I



950 * =3

#H 26 %

BRI [ WORPH o M1, THFHER
LR BE AR X A AR (BUAE 0) . X AR, RGBT
S BAE X A 22 ) P
3.2 XBER

B 3 A 7E 5% 50 3 % 3 B 45 AR B 5 kb
R B, R G5 X% He-Ne ¥ 640 X AH £ 22 19 81 2 3K
Ho ERBEW ECH T B ASEGRMRE— K, HBBRY
R AR X 1 T 1 R S A S B AH X 2B AL

&l 3(a) 1, BEE K R B e % , PID 5 h B SR Fe 72
129~130 [F] 284k, HE B R 1/255, f(6) Al &0, 24
BUEMPLA , I = L/ 2, S IRME S B BAH I ZE T EH
ERMERR, T EMHME AD=(2x/A) * 2Ad, 7] DI

A TS0 B RS 1 X A 4130 0. 25 nm (B

FET B AE, LR P g T oA P 2 B0 R R A A B
BARERE) o P LT D AR G T LR A B ) ke
9 TR I AT S I b A2, B M SE AR B . IR
X8 B PT AL SEE — ML T iR, PID 2
T RE B AR PR RN IR Bl R R B R B AL B AR
FEATAME , & 3(b) HT LAE Y, M XA ALFE 0.5 s Y
Bk 2 e KA . T 3 (o) R A o 4 o A 1 2
FO XA ALFE (0,20 Z WREHLE AR . 7L, A R
G T He-Ne B AT LA 5 2 A8 3 52 B AH X 4 o2 22
A R R

2501 (a) (b) ©
5200 5160 ~ 200
& 5 o
P U Y I Sy e
8 100 4 £ 120 %
A E £
- Lon [l
50 4 04
0 ' . : . . . 80 , , . ( ,
0 200 400 600 800 1000 1200 0 100 200 300 4000 6000 8000 10000

Time delay /10 ms

Time delay /10 ms

Time delay /10 ms

B 3 PID&EHIZARE. (DRMERKENKSIESHEER, DOEFEIEHFRT I ABRN TR RZER,
(AT PID 4 i B+ ) B4R

Fig. 3 The effect of PID controlling of the He-Ne laser relative phase difference. Dynamic locked with polarimeter

rolling (a), dynamic locked and an instant mechanical disturb introduced (b), non-locked with no PID control (c)
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Fig.5 Effect of fs laser pulse autocorrelation controlling. The first order autocorrelation spectrum with control,

the insert shows the elaborate structure around peak position (a) , without control (b)
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