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Fig. 1. Schematic diagram of phase control of two beams of quasi parallel light interference.
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Fig. 2. Schematic diagram of phase control of N beams of quasi parallel light interference.
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K4 SEaBERTAIKAL  (a) Bi2 = 0; (b) Bi2 = 1/6; (c) Bi2 = 1/3; (d) Bi2 = /2; (e) Bi2 = 21/3; (f) f12 = 5T/6; (g) Bi2 = T
(h) B2 = Tn/6; (i) Br2 = 41/3; (j) Br2 = 31/2; (k) Bi2 = 51/3; (1) P12 = 11m/6; (m) P12 = 21
Fig. 4. Curve of light intensity via time (a) 812 = 0; (b) f12 = 1/6; (c) Bi2 = 7/3; (d) P12 = 1/2; (e) P12 = 21/3;
(£) Br2 = 5m/6; (g) B2 = m; (h) Br2 = Tn/6; (i) Biz = 41t/3; (j) iz = 311/2; (k) fiz = 51/3; (1) Br2 = 11n/6; (m) B12 = 2m.
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Table 1. Output voltage of phase control in different
cases (V).
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w2 fpra).
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Fig. 5. Frame diagram of simulation experiment of filter type multi-dithering phase control.
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Fig. 6. Device diagram of simulation experiment of filter type multi-dithering phase control.
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Fig. 7. Diagram of wave pattern for typical cases in the experiment: (a) Case one; (b) case two; (c) case

three; (d) case four; (e) case five.

®2 AFEE ARSI R NE (MAREERR)

Table 2. Maximum of light intensity before and after phase control in different cases(represented by voltage value).

AR 5% 1 5% 2 15I% 3 1EIE 4 15I% 5
AR5 AR A AR MRS AR AR AR MRS AHERT MR
BRI/ mV 720 728 616 432 520 720 408 592 280 304
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Bl 7 (a) AHSE A J5 BB AR /N, T %
F) B K AB 53 93 8 720 mV AT 728 mV. 728 mV A& 5K
56 R A 1 B R E, SRR IE BEAR D, R Bk
HLER I . 0L 4 () 16T, B4 (a) T 0E
B RAE R 4, BB T BEABUE W B R AE, Y%
BIRMIMERE 0. AT, B 7 (a) XS 4 (), BIAH
RLZEN O IS TE. LI S 56 45 1 A A7 42 1) FEL A
0.03 V, AH¥EAE T 20,

BI7(b)H A ¥ BT T ¥ W W KE N
616 mV, JER I IL A —ERE. XK 4 (a)—(d)
(U T AR A, 2 R D i A KB 1 B0 e A9 25 e, T
I 7 (b) A% AT X6 N B 4 (a)—(d) 2 8] {0 A 7,
RPAH AL ZE1E 0—m/2 MG . B 7 (b) HIE 5
T W B R N 432 mV, JER A — € IR
FE. X 4 (g)—() 2 1R B AR Ak, 4% B iR
R AE I U EL 1 25 18, AT AT T (b) AR % Ja ) 8
4 (g)—() 2 [a @) H A %, RIAE AL 2 7E 7—3m/2
AR . SEUR I A5 A A 4% 1 LR N 315V,
AR AR, AL ZE A 2m T RIS I

B 7 (c) A% 1T 90 O 1 B R AB R 520 mV,
FEAE T D P8 0 W (I B K, 9% 5 kHz. X
b B4 (d) s T, B4 (d) B3 % I i K ME
N 2.5, RGO, SN 5 kHz, w0,
P 7 (c) AR 42w on B 1 4 (d), BRAR AL 2 R /2 1%
2. SEES AR AR AL ) B R 4.45 V. B 7 (c) M
5 5 T B I i KA N 720 mV, B2 T 8#A
SIS A KAE B T, K 2 1 ) H R 45 ), ] L
B 7 (c) AR i X 2 P 4 (m), BIAE A7 22 4 2m 15 -,
MAZE 4 (a) HHALZE R 0 I TE.

B 7 (d) AR 4% B 5 T 05 % 1 s KA 2 N
408 mV f1592 mV, JER WA —EwmE. %R
R TR R SR A A R, BT () A T R
Bl 4 (d)—(g) 2 A 1 4% T, RIS T A A 22 18
/2 M 2 [ S ANME, B HA T /2 B R g
. B7(d) M % a5 4 (g)—(m), BP 3m/2 Al
2n21‘mﬁﬁ%/\ﬁ SE 56 I 45 14 RE A 45 1) H R N
3.07 'V, @A A7 0, AHAL 2 A 4R T 2m gy Al
KIE.

Bl 7 (e) M4 AT 5 B AR /N, ?‘iﬂtiﬁzﬁ;
) B¢ KAB 23 51 /& 280 mV 1304 mV. 280 mV /&

6 HIRAT IR d /INMEL, T8 I U R B AR /N, EE
e HL R S 4 (g) TSR, B4 (g) R T

B RMERE T 0, i3] 7 #ANHUE 717 1 5 /ME,
JEBBIVIRE S 0. "7, B 7 (e) MR 4 (g), BIAH
RLZER T INE . R SO0 I A5 ) AR A 42 il LU A
0.04 V, FH#/EHIR /.

LRE PRI, AHALZEAE 0—n/2, T/2, T/2—
TR AR I & B Y, YA AR A7 42 i) H (0 H
It B IEARAL 22, AR AL 22 7] 2m 77 [ R I

B IR R AR AL 22 O B, = AR AR /N IR AR 7
PR LR, 313 A AL ZE7E O BRI, T AR AL 25 8 i,
7= AR AR /N R AR A 42 1) U (ELARLSE A AE I I R AN
Wk AT, 845 AH A 22 7] 2m J7 AR IE.

i%ﬁtlﬂ*ﬁﬁ/}%%a‘i%ﬂ?%%ﬁ%%E’Jﬂx%ﬁﬁf
SR AR BT AR SR 1,

REME I B HA AR 45 100 J5 % 1 B A1k

5.3 FRALIZHIAVERE DA

T 2t AR A ) S 4 ) SR AT b, 45
)5 T8 SR LT R G e R R i R, R
G5 R W N7 3 R (23], s s R R B
AEVASE 2% o) 2 Py o 3o A O, B4
1) s FELERI 35 ey S B (8] ¢4
2) s FLAT 5 TR BRI 14D A 2SS ) A 5
3) iy B Y A% R 1) LN ] DA 3
4) 18 FEE AN FEL I £ ) SO R 5] 45
5) B L FSOK FEL B PR e 2 T 8] 9 255
6) FH AL A2 1 45 5 0 2K 20 AH 57 8 1) 28 1 A% i
84 t6.

BB — YRR AL 32 i B B TR0 A T, R4 B i) T )
PAFRIR N

T =ty 4ty +t3+1ty+t5+te. (18)

S HLPR I 25 (4 e 2R (] 9 g RS B i, ¢4 AT LA
RN SEES AT G RS SRR S I R S
OP37 [ %2 1 25 B~ 63 MHz (RIS 5 UK £ %

5y v (oA, W EOR RS H0N 10 5, 84 i
5 55N 6.3 MHz, 3% & T PB4, R o 7T LA 22
;. ADG37 3 KR I 5 HL I /NI P 5 0L A
7E1 MHz DL &, 3z i T RS AR, R ¢ 7T PL2E:;
TLC2652 17 76 1 25 A4 1.9 MHz, B E0N 100
5, 827 T8 N 190 kHz, [Rif i B (] R 5.3 ps;
VR 1A 5 F0AE 7 3% 145 5 I 48 210 A A7 14 il 28 19 4%
BT (6] te ZMEANTE. BT A, SIEBR R AF 67 45 il B 8] 3

014202-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 1 (2018) 014202

L PR Y L 1A S T 4 RN LA R TBOK R I
(I LR 6] ¢, i 3B Y0 30 2% () FR OB A 5 kHz, iy
BN 2.5 kHz, WM [E]A 0.4 ms, A LB 1 10 B
RN Ty, T Ty = t5 + ts, DRI S50 (4%
95 1] AR IR N
1 1

BW = T, - t3 + 15

25K P B BB 1t B SE A R PR I R A
S, SR R A L REE— AR

S0 Hh U #3 FR A AL 3 A S R Y R 2
0.03—4.45 V, A4 (17) =X, Az R RN S
VEBEAE T IR R AE b, AR 2200 /2 B = AR A
Az ) U e K, AR AR S JE AR AL 22 A B 27, T4
AHb BT A7 42 ] BT 20 B 1 B LA 3 /2, SR BT H
FEAST VR 1) 25 1A 1 U R 290 3.1V, % I [ R A 4%
) FL TR AR AR N N 4.65 V), S A 5 s K B HE PR
JEH4.45 'V, SN SR dE ) L R S B R

~ 2.5 kHz. (19)

6 & W

W T — AHETAT O T IR B 2 L B A
TR, e T g 2 B S EAR Ar, If il
AT 7 BUE AT AL SEER AT 7T, B 1R S T
WAL IR, B T AR T iR A R

DEB I 2 P Ak 5 2 ) 2 Bl Eh ik E R A
TR AR BIARGLZ, B AR B2 IR 2 1 3
I I YE PR R AR AL 2, A I F S S B
PO H i T 2 i 22 ) Bl R T O R AR
Gy P SR 22 1R 5 st e A 110170,
PN A% 2R 225 (5 S IR AR/, HiE R 7
Z2EAG S BUETE AR, [R5 225 FE AR 7y I [A]
L5 A ) P U O 2R, B0 SRR 2 I 1) 2 A i A
(¥ 10 fi5 LA_E, BEAR T FR e mt sl o 58 U7, T 98
MR NEN B ATESHES. 75, &
B AR T, JERZ AR E ST A2
(3753, % e 22 18] (AR 5 AN S, DAL T B 5 D' ARAL
AR 2 08 TPl i 98 T W R R T i) 22 )
BINEREFE YR A H K38 2, 25 538 OG A R AR A7 22
WIRTL, P2 FAR R IR i, B Bl AR
18, AT FRA 1 2R Gt iy 5 1)

RREADL S50 45 21 (R D8 U B 22 B4 3 ik 1) 42 1) o 5
295925 kHaz, KHIFFAT BRI, SCHREH 2
I AN 2 B AR ) e 8, AL P24 5 B B o Y L

0.03—4.45 V. PLEFRBH, %7k —Fel A

FEUE L Z LA Tk, P BE VR AR R AR £ AT
SRNF BT AE A& 75N 0, BRI AH AL 22 8 2m (1) 2 5
5, JE I e 45 1A 15 PR RO I A A Bt e 21 R AH.
FESEBRISF v, A AT e 75 EEK AR AL 81 E AR AT R AH
A7, SRR I8 S Y0 R 8 1) 25 A 2 %] B T A AN P2
B, B AEREE NS HEE, n e 220 W) it
FEAL IS, [FIRE AT LUK AR A7 B e fE AR AR AL L

TESZIG R, FYREF M-Z T I G AE T
F623 ()-8 ) 35— 23 0] A b, X 2 B % R 3|
M-Z T 25 5 S50, B ASSZ 0 AR A7 32 ) s 151 ] 2 11
BT, AR M AP AT T A AR IS DL T Ot
(R 2 [R) 43 Af W) 75 2K F DG 2T B 2840 P47
() 2 B -0, 6 i ) o i st — 2B e, 55 4%, LA
TAROG SIS SR SEARE R B AT AT, DA AR [A] 2%
NFEA IO = A DL R = DL 2 sk
B0 71 B9 58 BL A

SE
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Abstract

The quasi parallel light interference is one kind of basic ways to use the energy of interference light to interact
with matter. Because the phase of each parallel light beam needs to meet the coherent condition, it is required that the
phase of each light beam be controlled timely. There are some kinds of phase control methods, such as the heterodyne
phase-locking method, the stochastic parallel gradient descent algorithm, the self-referred and self-synchronous phase-
locking method the multi-dithering phase-locking method, etc. Among them, the multi-dithering method needs not the
referenc light, it is to load multi-frequency sinusoid signals to the phase modulator, and realize the recognition of phase
difference and the output of feedback voltage by multiplying circuit and integrating circuit. In view of the shortcomings
of the existing methods, a scheme of filter-type multi-dithering phase control for quasi parallel light interference is
proposed, in which the phase differences are identified and corrected by the modulation signals and filtering signals of
different frequencies. Theoretical analysis of coherent light intensity for the scheme is made. The principle of filter-type
multi-dithering phase control method is put forward, and the numerical analysis and simulation experiment for filter-
type multi-dithering phase control method are carried out. In the simulation experiment, the fiber interference light
path is used to simulate the light intensity of quasi parallel light interference at one point in space, and the change of
photoelectric signal indicates the change of interference light intensity. The phase control feedback loop is composed of
photoelectric signal amplifying circuit, bandpass filtering circuit, amplitude measuring circuit, direct current amplifying
circuit and adder circuit. The results have shown that the phase difference among light beams can be recognized by the
method, and the direct current voltage signal that is proportional to the phase difference of signal can be fed to control
the phase modulator. The phase difference can be corrected. The control bandwidth is 2.5 kHz, and the output voltage
range of phase control is 0.03—4.45 V. Compared with the classical multi-dithering method, the method of filter-type
multi-dithering phase control has some advantages. Each multiplying circuit in the classical method needs a very small
amplitude reference signal, which causes the reference signal to have a very small range of values, and the relationship
between integral time and modulation period needs considering. The integral time is usually ten times longer than the
modulation period, which causes the control bandwidth of the system to decrease. However, the feedback loop of the
filter-type multi-dithering phase control method does not require any reference signal, so each signal does not affect each
other, and the increase in the number of beams does not have a significant influence on the control bandwidth either.

Therefore the filter-type multi-dithering phase control method is a useful phase-control method.

Keywords: quasi parallel light interference, filter, multi-dithering, phase control
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