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Fig. 1" (a)Schematic of our previous phase-locked laser source realized by RF modulation to the injection current of
the slave laser (SL) whose =+ l-order side-band is injected by the master laser (ML), (b) Our present scheme:a por-
tion of ML pass through the phase modulation EOM-P and then optically inject into the SL (DFB2) in which the in-
jection current should be adjusted for the survival of the -1-order side-band of ML. The aligning line in right insert
boxes in (a) and (b) shows the mode of SL controlled by the ML, The output light mode of the ML & SL in each

scheme after optical injection is also labeled in figures.
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Fig. 2 Experiment schematic setup in this letter. DFB1 and DFB2 are ML and SL, respectively. EOM-P is a bulk

phase-type EOM;CFP is a confocal Fabry-Perot cavity, which can be used for monitoring the running mode of both

lasers before and after optical injection. EOM is a waveguide type intensity modulation to make ML and SL working

at different state of continue wave or burst pulse. Cesium vapor cell ((25 mm X L75 mm) inlayings in ~20 nT resid-

ual magnetic field after proper shielding. AC-PD-1 and -2 are AC photo-detectors (C5331) ,and DC-PD is a high-gain

DC photo-detector (New Focus 2001). As shown in picture, DFB1 can be locked to hyperfine transition line of the

saturated absorption spectroscopy (SAS),and whether or not the DFB2 is injected can be observed by SAS and CFP

B 2 D SCRT SR P S 302 B VR IR b 17 AR5 7T 4 e [ R 40 0 6 180 A o o SR o K 0 2 L ST AR Bl
AU BOE , BATERE B B33 7 B 305 45 M 9 47 89 DFB 306 28 (Eagleyard) 45 J9 Y6 I, 3F & IS 80 i 0 5
i {1 8 IR (ThorLabs 1TC502) 3K 3h H il i) £ WOEF RN BOL R, 4843 10 T /6 R BE S i 1 44 1 0k
ar I TE A B AT LASEBLMOE 88 7 852 nm MHIE 29 0. 7 nm ¥ B P9 A0 34 0 400 S 8% S0 00 o, 5 ek 00 2 40 1 IR
il (SAS) AT LAfE DFB1 9% OB E# B T D2 28 6S,,F=3-6P,,, F’ =2,3,4 [t H 4% 5 % 81 I A B
E&E. EBOEF LB RF 55 (Agilent E8257C) 3K 30 y 34 B4 5 471 2.4 ¥ 1 28 EOM(New Focus 4851M)
JERI =4 ~9. 2 GHz B IE i — %3 (A 2 o CFP Wil sh # sh R 4 i T i 2X15%). ¥ F DFB
WO A% ELA A 5 XA i BE 1 B BT 9 B B AEIE B R, FRADHE 7 76 = 0 R R ST R AR 40 10 OB B A
MBOEAR DFB2 mh. il 3 2 6 A S8 O3R A A B R 3R ) & M 30Ot DFB2 #) T4 36 BE A6 35 , B A
SISO 2R AR T 0 — G TE A BR B, NS 30 B K BT R , DFB2 i b2y — 3840 5 B — i A
3t#& Fabry-Perot i (CFP) , i if Wi %¢ CFP 35 41 {55 , B A ST BUXH 0 & WOt 2% i 47 28 LA &2 J B 0 v A B 52
W OLAY M. 5550, an3e B 2 R, A1 AT SAS Sk [R)Bt Wil DFB2 # 1 A 81 150, 4 M 2 & 3(a)
(P199) iR W15 5 & » FI A RF 4503 43 7 X (Agilent E4405B) A LA M2 iy 1o 3 45 1 88 (New Focus1554-B) 3k
73 DFB1 5 DFB2 Z [6] (9405545 5 . 45 SR An & 4 (P199) fif 7.

) R 2R 45 430 22 S 6 J57 - 5 75 0K 40 43 24 11 (9. 19 G Hz) ity 8 3827 A B 5 1) o 25 o SR i 1 11 0L 468 340k



TR ST A o AE 4 O T R LA BUE ) KR E B BOE R Y

199

0.12 - 012
s -
% 0.10 4 :|>'._.‘ 0.10 1
DFB2-5A5 :
3‘_’ DEBLSSAS (Injection Locked)| 5 G
= 0.084 = 0.08 {Injestion Locked)
ER |
2 0.6+ E 0.06
= 1 =
.E" 0.04 4 £ 0.04
0.024 (a) 0.02
D-m 0.00 T T T T T T .
-1200 -800 —400 0 400 800 =900 -600 -300 0 300 600
Frequency detuning/MHz Frequency Detuning/MHz

B3 SL# ML rEASER A 5L, WE 3 (a)-1) s R IO 1 DFBI-SAS fi7R , 24 £ 8048 DFB1 T AR
JEF D2 £ f 6S,,, F=3-6P,,F’=2,3,4 [t £ 8¢, DFB2 7 6S,, F=4-6P,,, F’ =3,4,5 i 4 2 GHz {5 B o LU k& &
BB, M 3 (a)-(2) 5 A9t AR OE 3% DFB2-SAS B 7R, %ttt DFBI-SAS 45 DFB2-SAS, 7] LA % 3L — % 5 % iE
T RS R AR B 3 (a)-(3) %R Y DFB2 ¥ ASER, 5E 3 (b)-(3) 4 b (B fE 3 A CFP By
DFB2 A #t36) ,CFP & $H5 5 h 4 07— G afz 47 B D\ 3800 B 0 396 388 717 48 530 A0 IE — 2 0 7 D0 JL - 80 284 i B e 3%
A 3 A i BE B

Fig.3 SAS and the CFP transmission signal of the DFB2 after it has been optically injection-locked. When the DFB1
frequency scanning across the Cs 6S,,; F=3-6P;, F’=2,3,4 transitions as shown in (a)-(1),the slave laser DFB2

will be controlled by it and be scanned across the Cs 6S;; F=4-6P;,F’=3,4,5 transitions, simultaneously, which

can be see from (a)-(2). Compared to the (b)-(3) in which the input light of CFP from SL is blocked, the -1-order

side-band of the transmission signal of CFP is enhanced famously while the carrier and + 1-order side-band are almost

not changed.
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Fig.4 ML and SL Beat-note peak only appears at the frequency of 9. 1926 3 GHz,and it shows a relative linewidth

of ~ 1 Hz,which is limited by the resolution bandwidth (RBW) of the RF spectrum analyzer.
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Fig.5 (a) CPT signal observed nearby the resonance of cesium atoms in room-temperature vapor cell (20
Torr neon buffer gas) with our phase-locked laser source. Without further optimized the experiment parame-
ters . the minimum linewidth of the CPT we obtained presently is about 12, 3 kHz,and its centre drifting away
from the resonance is about 7.5 kHz mainly due to the buffer gas. As shown in (b),CPT linewidth increased
linearly with the ratio of control light (DFB2) intensity and the saturation intensity Is(Is=1.12 mW/em?),

while the intensity of the signal light is fixed at 0. 115.
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Generation of the Moderate-output-power , Phase-locked
Two-color Lasers with Large Frequency Difference

LIANG Qiang-bing,LIU Ting-ting, DIAO Wen-ting, LIU Zhi, HE Jun, WANG Jun-min
(State Key Laboratory of Quantum Optics and Quantum Optics Devices (Shanxi University) ,
and Institute o f Opto-Electronics ,Shanxi University , Taiyuan 030006 ,China)

Abstract: We introduce two schemes for generation of the moderate-power phase-locked two-color lasers
with large frequency difference. Thanks to the single mode running character of the distributed feedback
(DFB) diode laser caused by its high side-mode suppression ratio, we realize two phase-locked lasers with
moderate output power (~ 150 mW) and ~ 9. 2 GHz frequency difference via optical injection locking be-
tween two DFB diode lasers. Beat-note measurement between these two lasers shows that the relative line
width is about 1Hz, which is limited by the resolution band-width of the RF spectrum analyzer. Utilizing
our new phase-locked two-color lasers introduced in this paper,we observed the CPT signal with 12. 3 kHz
linewidth in a cesium vapor cell filled with 20 Torr neon as buffer gas under ~ 20 nT residual magnetic
field after proper magnetic shielding.

Key words; phase-locked two-color lasers; optical injection locking; coherent population trapping; relative
linewidth



