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Development of a high-speed-controllable Er—fiber comb and spectroscopy using
an optical frequency comb
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We have developed a mode-locked Er fiber laser using a small fiber—-pigtailed optical
bench containing an electro-optic modulator, a polarizer and wave plates. The
electro—optic modulator is used to control the repetition frequency of the mode-Iocked
laser at a high speed together with a piezoelectric transducer attached to fiber. We
have also observed an acetylene absorption line by using an optical frequency comb and
a continuous wave laser. The scheme to resolve the comb modes is based on the measurement
of beat notes between a continuous wave laser and the comb modes, by replacing the local
comb in deal-comb spectroscopy with the continuous wave laser.

1. [ZL»IC

SR AL = AT, SRR O R ERESCHIE 2 ATREIC T 2 A E LT, BB, &7
IR EOMIRICB N TARARR LD E 72> TV D[], FrT, b— —iEHs%k % fEICT 5
&9 A B OB o A A EHT S B CiE, M0 R LR O Bl 2 L 2 D,
T 7 A= AORFIZHB TR R LSO mERI#EL, T— NEH T 7 A4 \—1—3
— ORI O FUITE LN FL R (EOM) AL, £OREEZHIEAR— & L THW
52 IR0 FEBIND[2], AFZEIE, TTIROIEFE S OB % T a7 K x-oZ i
WFREMFE L T a L —F—HIRIRITEAT 5 2 & TR Er 7 7 A /N— 2 LD
HEITY, Tl DHFE~OK T LDIEH L LT, AFRERETHED TV D3 A Lt
V=Y =L 27 8F Lo IR OBLR /BT 5,

2. EBRFGE

M0 IR UL fep 23 49 MHZ OF— REIHI= AV BT A (Br) 77 A N— L —H—&fER L
oo ZOV U THIBRNITNES T 7 A N—ETT— A OHFERFEFHFAL, £ 2I2H
FHZE A EOM K OV 2 B0 (117 7= (X 1(a)), EOM IZEJEZFIML, L —H%—J
RERDOFEIN R B S E2b ST D2 & TRV IR UEREZ SEHET 5, £, #iEz 3R
LT 7 AN T I Faxz—F—2 RO BOHIEIR— & LTHWW, &6
2. SN F =2 HRFERNCT 7 A NRN—~DIRAEIT) 2L Y T IV Faxz—S—DFA
FIv I L PERMioT, v VTR —FF Ty FEEE feeo I2OWTIL, e LD
DOFEANBRIC LV K EIT -T2,



3. FEBAER

W& 1064 nm @ = UELZTELNAYAG L—HF— LR L= a b ~Ta XL E—Fh
155 foeat I U\ foea 2 N frop DA & fogo D 2 [FIRFIZAT o 72, X 1 (b) (AZAH[RIL
BT L&D fpq B ETRT, AT 8T LT F T4 P —DREELLT T 5 iR D 2
NI MR ENTWD Z &R nhD, £z, flilHEZ R —R /307134 850 kHz T
HoT,

(b) . . RBW 1 Hz
ol -
—  OF RBW3KkHz Io|
2] VBW 3 kHz ES T
- oo |
- 2o
et € = el
£z -20r - < Frequency
s §50kHz| |= (5 Hz/div)
= —|
@
=
£ —40f
=
=4
N 1 I . 1
-2 0 2

Offset frequency (MHz)
1 @A T FIZHY (- BROL AR &R 05 E. OB L mEslEEbea s L
Nd:YAG L —¥—,t Db — M5, fARIIE— MEBOILRK.

4. Yo KA

S = 2FJE AR TS L — RIEIRR & Rr D SRS e e (CW) L — W — R & r7p
ZENTEEE - moMEE - MIEEOSEHNERE LTHER STV D, Ll taso
T— REN R THIRT D Z LIIREETH D720, St LB T/ MRAE 243 Y64 HT I AV
L EEEEL, INDOREEEAMET D20, B OD TR D 2 B0 a AEAL
FFHIL, 2 2063 AMO RF B — MEBZBT 27 27 /1 » ab5tlE B0, 727
Ve ALGHIETO2EROKTLORDVIZ CW L—F—%Z W53 AT 615[4,5]
DI-EIN TN D,

Fexid, a2 THONREEZITOT B F L o FORIERZ B L 7-, K0 R UER K
DNaLEHNDZ L THREOM EZXMY | EHIZCW L—YF—2ZETHI LITED
E— MNEEBOEE AR T — % OFEFEZ FTREIC LTz, R TIL, IR 7R & ORERS RS
Z DRRIEE DIFATHERIZ OV THET 5,

Z E BN

[1] R . ¥k $&5E. ISHYEE ) 84, 30-36 (2015).

[2] Y. Nakajima, H. Inaba, K. Hosaka, K. Minoshima, A. Onae, M. Yasuda, T. Kohno, S. Kawato, T. Kobayashi,
T. Katsuyama, and F.-L. Hong, “A multi-branch, fiber-based frequency comb with millihertz-level relative
linewidths using an intra-cavity electro-optic modulator”, Opt. Express 18, 1667-1676 (2010).

[3] I. Coddington, W. C. Swann, and N. R. Newbury, "Coherent Multiheterodyne Spectroscopy Using Stabilized
Optical Frequency Combs", Phys. Rev. Lett. 100, 013902-1-4 (2008).

[4] T. Hasegawa and H. Sasada, "Direct-comb molecular spectroscopy by heterodyne detection with
continuous-wave laser for high sensitivity", Opt. Express 25, A680-A688 (2017).

[6] K. Urabe and O. Sakai, "Absorption spectroscopy using interference between optical comb and
single-wavelength laser”, Appl. Phys. Lett. 101, 051105-1-4 (2012).



