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Abstract The closed loop passive work-points control method is introduced for mixing frequency modulation of
light source. The phase-shift signal is picked up from single interferometer signal by directly high frequency
modulating light source, and compensated by the low frequency control signal with directly modulating light source.
The problem of work-point tracking is resolved by the cooperation of high and low frequency modulation, the system
is always working in the most sensitive linear region by way of passive control. The modulation characters of laser
source are tested under different frequencies, and the variation tendency of work-point under open-closed loop is
compared. Demodulation results of closed loop passive work-points control method and phase carrier demodulation
algorithm show that the demodulation relevancy of two methods is above 99%, which proves the feasibility of the
proposed method.
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Fig. 1 Schematic of zero-path Mach-Zehnder fiber interferometer with traditional closed loop work-point control method
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Fig. 2 Theory of interferometer phase modulation (inter-modulation)
I R E A S IR EIREE C L AL+ AL, B(E AL T8 ARG B A, 8 2 800 AR N I8 7% 5 ik 0 g 4, BT
SERF AR AL 5 AL WA AR s TR G TARRE N 2G5 AL, 28155 41 A b 4 315 5K 2l 6 5
A NTITFE R G TAE R ¢ (1) TEIA THMERGAF T Qo s XFERG TAERE R

e(t)=¢s T @+ Puoise T Pottsers = (8)

po| 2

ARG TR AR T IR A2 TAR AL I BR T RGAIA R . BARGE AR I 3 B, I 2 ] D't U A TR 45 4t
RPHE S F AP D AT AR R TR H &R G55 R RBAR%ES CRT1 kH

0904007-3



H I # ot
LA 15 15 0455 (100 Hz Zed0) R A TRIE 5 2) A R SR BRSO MO AR s 45 45 5 0l o AR s
X ZAE ONT 10 Ho) JRE S F T 28 T BWRAE S, XA R T — DB, i AR =M E 55 AT
oA EBC G B9 PRA T

mix
modulation .
signal carrier laser |
coﬁﬁﬁer DFB LD interferometer
s high interference
= .
8 frequency signal
g modulation signal
7 signal generator
work point
control
low frequency control signal algorithms

P 3 SGIR TR & 403 81 ] 1) T R P PR AR 4 o) il 72 P
Fig. 3 Flow diagram of closed loop passive work-points control method by mixing {requency modulation of light source
D YRR A5 93 8 1 (4 P B A s TR ) D ksl T 9 e U A ) 4 07 50 AR TR S B R
WRZEAF T, [ IARSIR 3 T OC IR B R DO A AN AR AR 5, SEBLP 3R AR SR e . DCIRIR &
0 238 ] A9 A B A i TE R A T Uk 5 A T RUAR T 95 AR T L T AR UE AR 8 B4 AT A R R M T IE  A pRe TA
(L EERS (BB, O 905 5 M O S S 8 1 — i A9 J0 U P 2R A A i O ik

3 SLEGHFIY

H T B G IR A TR A ) TR S R O s T AT PR R T AN 4 R 1 06 4 2 SO B R 1R R
TS PMEIT W R G0, 3 T o e B L 0500 28 3R T 5 535 6 2 e 1 2% 0 T — 94
S BHEAT 30 V6 0 I N 1 o 1 B T BT TG EF I 0 AR N RS R 5 — B4 0 7 5 o L 28
2 I S5 T 5 I 38R 151 S5 27 1 A S BT 15 5 % R T T 9, 20 TR 88 U B0 L T 8
Sz B AT (502 B %0 RIS (550 () Y 7E i) — A0 £F b 5 38 L I T 07 8 R
W TS FFI . T P55 H BN IS T 0 | TR BT A 3 L SRR B 5 M 7T A A I R
IS,

. mirror of fiber piezoelectric
fiber circulator SM fiber collimator signal g reﬂectoi/ transducer
4_—————ﬂ_——————
LD laser ‘
- c e+ e e w—— e e U
© reference arm
: £81 work point control algorithms goncrator
= modulated £ l : .E
signal E Al E output
signal PIN i \_A [ ey | signal ™) ckein
generator || detector | J : amplifier
: Al ; band
! addressing Integrator pass filter !
i algorithm substractor H
control signal

P4 SR IR & AR IR ] AR s RDOE R K R 5
Fig. 4 Test system of work-points control photo-thermal interferometer with
mixing frequency modulation of light source
TR S E BRI 8 5 0 LR AR 5, R AL R 20 Bl i AR 5 A5 5 45 0 a0 s O BRAB LR A3t
R e TARME M A5 -5 003 b BRAE LR AR AR T o AT ] 15 5 930 3, T 10 B3R 000 23 0] o 4 R B9 52 D B9 T 8 A
F o TARGFEHME S 5 w0k A5 5 R RS da A B S REOL & IR 8 T AR P PR S R R . Al

0904007-4



H = # ot

8 P I 1) T WAE S i B COR A8 % U R R A 5 AR S B 5 S R B R L AT AR AE R LU AR RS 20 L SE S
5 FORG 4 B g S5 1

JETERHT 1310 nm 434 B a2 SR OGRS (DFB LD H el i 36 ) RECS W H R A 6, — EHE MW
R ELRE AR 1 B A R AR R R /N R T S SCHER 5 TR T A% 8005 1 4 ) X Ol R AE AR /N
T 10 Hz) 5 @M (2 kHz) B 8 i 45 1 T 1 52 bRl 5, 52300 o 3t 981 ) 28 03000 o 9, = 993.11548 X 10° Hz/A
Y 9, =830.368>X10" Hz/ A, e 451 Fit UL 981 1) 28 800N TR A5 sF ri O 90 o) 2% 0, AR A0 b 3t S50 5 40 35 0 A O 19
JEhIE S ¢

Bl 5 ATFRRIRAE T RETAERBEHLER LR . HARGAL TIFIRARSHS T B AR 3 2% 1 7 3R 58 1Y
W R TR o (1) 277 A —E W BEHLIEERS T BOR S8 £ 1E 58 TAF 5 (re/2) 77 A AR LM Y Bt g 7 3
R Ge i AR S R R T =T

K6 NPAFIRE T 2N RS TAERZES . EBUENN . RE TSN IRERED . R &5
TEAC TAE FRE T » 280 08 8 R I B) S o A e A B RS S 28 P B A e S I S A 42 o 2 2 B0 A 1E 5
T A5 BRI S A B RS R G T ARSI N 1.56976 rad (AR 22 0.00798 rad) 5 BRAH Y R 48 1548 T4
H1.5708 rad(m/2) FEA—BOAXTRZE/NT 0.1 20 W/ 8 fi 22 A 23 % 2 Gl Hh 7 AR AR 52 ), 5¢ 42 m] 22
WA, AT UL 2 R GE AL TP PRI RS I L AT ]38 AT 7E 1E A2 AR RO, I AR SE A T R U e
LN TE] L RS T AR .

—uncontrol work-point 3.0 — contiol Work-point
2.00 - perfect work-point (orthogonal): 1.5705 rad
g 25 measurement work-point (locked): 1.56976 rad
= & i standard deviation: 0.00798 rad
g L2200
g L7t g !
S =
% %‘ L5 ! locked
o LOFfw
5 150) 5
£ 050 locking
125 1 L 1 L 1 i L L O 1 L L 1 1 1
0 5 10 15 20 25 30 35 0 10 20 30 40 50 60
Time /s Time /s
B 5 FHRRET TAESNEIER 6 HHRET TAE Sk
Fig. 5 Work-point shifting with open loop Fig. 6 Tendency of work-point with closed loop

e A TAR IR il i B 4 iz A9 032 2R G800 JC IR AR s 45 0 D7 96 AT 1 Rk ] P 2R AR 4 i
BART B a0 R <8 i e v B B A il — A e B BRI SR AR 245 5 O H Pl S AT B A0 o v AR 5 2E
AR L AL R A5 5, 5 L TR IE L HL SR R4 s th TR IS 5P 38 o R 9 TARRZS TR E (8 6) . 7T A A%
T R RS B R 52 W) o DU 36 0 4 1) T AN 1 A 5 W AR s ] 2 R TARIRE A TR E (81 5) . %
FHAE TR RS 52 080 0215 3 8 S B 5 S 45 5t 2 AR LR AR L PR

SCHARANE 7 PR B P ROE O R GEAL T A ER P IR S TR A T B S B U RS . BPTR E

0.08

—output signal
0.24}  of work-point
control

0

08

(=)
—
(=]
.’.';,\L Amplitude /V

1000.00 1000.08 1000.18
Time /s

Amplitude /V
(=)
(=
53

-0.08

0 1000 2000 3000 4000
Time /s

B 7 AFRET TH N ES

Fig. 7 Output signal of interferometer with closed loop

0904007-5



H = # ot

T3 g A I ] A B A5 5 o T RO A 2 TRk B R B P A R A S O L B S WL A S R AR
AP R G S T AR AR . P A R /AN B D ] i A S A SR R 4 L D A R — i )
P8 A I T DA 8 EE A, T BT H A S AR S T v B R A A R I R A S R AT BT R T AR
R ISF 1) A A T P PR ARIR 5 A B R ] T A 7 1 58 T AR A Bl A RO P ) T AR S R S B T (5 5
0 RS figf 7

Bt Xk AN [ W (L 1) — R AR A5 K5 %05 15 5 55 — Bl e 1 95 B AL b 32 1o A A A 57 28 004 e 90 Rk
PEAT T OXF R U8 S8 o A DU AR A5 5 o T R g R A o, 308 e r) S R R G T AR A [ R Y IE 52 R T
{57 INTTAE 90 28 G2 P T2 A [R) R (L A Ao D00 AR 8245 5+ 0 0 e e s 79 o e 300 B30 3 0 38 R A5 5 1A fi
I

P 8 Sy JC R PR B0 T s 458 4 7 0k 55 R (57 280 05 ik 90 B0 32 8 LG fe 9 45 AL 10 b (B g DGR AT B T AR A o
7 ¥ WA A R 45 2R AR R D AR A Rk G A R A R . ph BT 8 R R A T R B R R O M T
PP % 981 7 0 A B4 it 8 R X0 A S ) T, PRI 7 0 R A B gk R 45 R 5 T L T G o Y W 8 S B
R AR R RS G R BT 9900 o T R GES B AL 22 50, PR 5 % AR A5 Ak 81 45 21 10 )
KA, BRI T 95 AR A5 00 A R 45 AR DG BE R 3 T 0.99639 5 F T M 2R 0% it R Bk IE B ME C 2 &t K 5 5
BB UE ) BT LUAE X [ — o 5 5 AT D00 ek )7 0T o 007 92 SR A 1 Ak ) 2 SR LA A v A A DG B L R DAIE
WG TR 5 AT 8] o] ) JC R A S ) 7 vk S T AT Y

* PGC

61 e work-point control
=——1linear fit of PGC
2 5 =linear fit work-point control
=S | k=135020
= "g 4+ R-square=0.9952
sE k,=5.25953
_§ g 31 R-square=0.99899
E Tg 21
k)
U /
0 I 1 1 1 1 1
0 02 04 06 08 10
PZT voltage /V
P& 8 JC U A B0 AT i 2 i 0 A5 R A6 0 5 06 0 L A 18 45

Fig. 8 Compared demodulation results between closed loop passive work-point control method and phase carrier algorithm
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