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Abstract

Fiber laser is a major achievement of science and technology in the twentieth century. It has
the advantages of low loss, low power consumption, simple structure and high integration. This
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article mainly designs an optical frequency comb system based on erbium-doped fiber laser,
builds a femtosecond laser with all-fiber structure, and completes experimental research on
optical power amplification and repetitive frequency locking. The output power of the femto-
second laser built in the experiment is 0. 63 mW, the repetition frequency is 90 MHz, the spec-
tral width is 12.49 nm, the optical power is amplified by the amplifier to 45 mW, and the
spectral width is expanded to 42 nm. Finally, the PID controller is used to lock the repetition
frequency of the laser to a stable reference signal source. The standard deviation of the rec-
orded data is 156 pHz during the recording time from 0 to 1000 s. Through the above experi-
ments, this paper not only realized the optical amplification of the femtosecond pulse, but also
completed the lock of the repetition frequency of the femtosecond laser, and built a practical
femtosecond optical frequency comb that can be used in precision measurement and other
fields.
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1. 518

AR, JEl s, SRR, MTHORTEIE . WO RN 2% 4 R S5 S8 B 1 33k 20 41 B A
BRI BRI R . B 20 tHEER,  CRP IR A 7= A ik e AT ik — 20 R R AR A TR R R T %
FERF )R b, RORPSR AT S 00— R A1 JE B 0 AR ko, 4 I P I Bk AL BT R, 15
B S A EE POAR G, BIGSEA . RAD AR R g A () IR Sl R AT R 1, FERS & Ok
Bt E . AR WO E IR R TR

HesE,  [H WAL AR R T TIRARIFEFE . M 2007 4E3] 2010 4, 35 [ br ik S5 == 1 % /)
HE IMRA A G1E, ¥Iaeryelihir= EH AR S WK SO AR &, AT 43 2156 2224 1) 7 35 %
HThEh 80 W, [FIRS AT 3R1F 120 fs [ fikrdar th[1], SCAE RS Ie i B mts b1 A0 i 386 5 1R SRAS B R K
4 38 nm IR AMEAR[2], X — S0 45 RHES) T ORSTUR AE 5 AM T R R R AL

Pupeza %5 [3] [41FI AL Bkt R4 He R, 345 T Hr i Thae sy 43 W BkpP9E N 51 fs B EDL4k
Bk, LA SRBIE, A5 A 3 SRR SRS e I 11.45 nm IR MRS .

Zhao Z5[S1F 7 1 —Fh ) FH T U RTIRG WA A IR U8 4 AR s 453 R4 i 2% 110 7 £ 5 R VBB O 2%, L
PAFEFE I AR LI T M DU K, SRLFBORAR MBS LL & T 68 dB, 1E 250 mW ZRiH LI T, XK
KHh 1A% 0dBm, HEA/MNF 2.5 kHz FELTE .

Zhang “5[6]AFF 7t 7 — P 75 72 48 B BRI R0 638, A B BB AFBORES, AR ZEHiITY 980 nm
FEIMVR LA K Sagnac KSR, A BGMANE] T RS R SE, ST 15 pm KRR, R TERA
111W, et EEaT 60 dB, ALk ok T 1.8 kHz.

ARICHEE T A SR FIBIEEOER, P E RNy 90 MHz BT WEP Kk, Bl JE X CRB ki
BETHOR, 200 T X EOGRR E SRR RPUE, I T B B0 FOL SR R AT T
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Figure 1. Device diagram of erbium doped fiber femtosecond laser (WDM: wavelength divi-
sion multiplexing system, SESAM: semiconductor saturable absorber)
1 BEXAWHAREEER(WDM: FEHERARS, SESAM: X S{RAIEMIE)

K 1 R BP0 I — MR 2 s = ] o IR 7 A2 1 980 nm R BOLIEIE WDM i A\ BIHOL S
BG83 4T, 774 1550 nm 3K IHOE - BOG 28 B SESAM SELBAE, 7= 2E J& 11 (1) KRS Bk b [9] [10] .
T Ik F R s o R R RS A R, AT SR s AR I s, RSBk A R AR M B R . Bokds
FAAE KAV E R A s s, RS B0 I EE O 95:5, BV 5% BLEE . TR Ax I BOG ZE R I
TEIR o
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Figure 2. Mode locking spectrum of femtosecond laser
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Figure 3. Curve of light intensity changing with the wavelength of input light
wave
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Figure 4. Spectrum width and pump current versus output power
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Figure 5. Relation curve between output power and spectral width

Bl 5. W IhR ST E X Rk

RS S50 B ds, 20 1) o e 1l 5 B A0 G A 4 HH D 28 Bt 2 i FRL ) AR A it 2 ] 4 PR . B L 4 TR,
I LA 170 mA 8K F] 280 mA I, AH R (1% H T #E N 0.26 mW K F 0.63 mwW, il 5 M 5.86
nm J& %5 2] 12.49 nm, O A Th A B A S5 R I KM K, [RIRERE, b 5 b o A R 3
KififE5E . MEIFRTCUE i, i D280 1% 56 B2 BE Z2 7 B i (0 A A il R e A R Mg, il — D IRIE
T R D E AN U B R SR T P AR A ) S e

ARSI B, 2] Yl 8 B AN SR FRR S % D 3 ARt e n 4] 5 . RIS RTAn, okt
i AN 5.86 nm fE FEF| 12.49 nm I, AHN )% H ThEE AN 0.26 mW RSN E] 0.63 mwW, Ol B St D%
SR PSS NN S

3. KEDRKEI K

HEDEOLAIE A DI RIS, X% SESAM  FR G BUR, I XA HUR R A TIB R . K,
REEOL A TAER, RO EIEHAED R BN RRE T TAE[11]. ASLIR e WO S 1 BRI 280
mA, {EILI KPP EOGAR I HOE DI 0.63 mW, TEidkil 2 HAESEhRr R, Bk, 7250 WO
e A B D SR REAT UK

ARSCRICAF S BITEOR T BRI AP B ROG AR IE N IS 22 0K, B ADG AT BOR AR £ 2= A B
JCET ISR IR, ORI R AR B e 2Ot 84 (K645 5 MR VU K 980 nm (2R e #f
ERr RS T, HE S A RO R KD E T .

S R IR BT FTBOR S K, SR DU S A a1 6 o, FERREOCAS B 23 6 £F it
FIMERIR, AP BOG AR = AR S R K o T A5 BT8R

SIS 1A R R BTN BT OGS, SR 7 PR. W RVE SO A B DU By
XBRE, PO B IR FR A, OB IR A IR FRAE 1556 nm At i 98 EEREAE A
LR TGN AN FE 98, 5 AR AT BRSO AT AOE G (] 3)MEL, SEik 98 AR 2 1 WIS J 98
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Figure 6. Experimental setup of femtosecond pulse amplification
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Figure 7. Relationship curve of light intensity and wavelength under different
pump current
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Figure 8. Output power and spectral width versus pump current
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Figure 9. Femtosecond pulse repetition rate locking experimental system
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Figure 10. Sample data of original repetition rate
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Figure 11. Sampling data of repetition rate after locking
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