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Fig. 1. (color online) (a) The frequency of ML and SL; (b) schematic setup of optical phase-locked loop system.

X LA H 1) E W6 (master laser) &K E A
BOGE, MOS8 2 4 i St 20 AR B0 &
(Toptica DL100). 24 AH A 4 th i BU5UE 5 7>
g g, — Bl I PLAEARARES 7 S 45 1) s o B 22
b Iy S A A A R AR v AR 4 S B FRL IR
W b e A B RS B R ) T 5 Ry kHz B4,
TS A 5K LI MHz K. (ERBUE 2|, B
Fefl AT, AR E A OGRS I OB A 1y 2
388.601 GHz (785 nm), 25 H MR B E 2 ZF |z
b RERR A RS D2 BRI & AR, O HE K
AT S EOM ISR A R TR B R e
FARBOLA B G T EROL W E 6.8 GHz
(BB REA %), IXFE(E15 5] 6.8 GHz 4

5 H
R A5 5 o0 i, — i T W A5 = 1) B e

Al'ja

55, i # A 28 (Mini-Circuits ZHDC-16-63+)
/

H oL, 3 — B 5 N 2 JEOR 8 (Mini-Circuits ZX60-
8008 E-S+), o M FAME 5 N 2 73 Inds, #AT
20 A LL S, MR R 25 (phase frequency de-
tector, PFD) ¥ 2 LU /3 90fE 5 34 MHz (N2 %15
5, M4t 58 8 JL 1 MHz R 205 5.
A7 L I R e A5 LI R ) — AN SRR 4 28, R
T IR R 22 T v LU, A L A LR
W 22 M I 1B BT v A 23 AE AL JE 8. C,
C2, R1, R2 &EAMNLE AT 870, C3 72— € A IER
EA, BT RARBEOCE LR 2 R 2GS
e B, B A —ANBEE NI R, WK 2.

243202-2


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 243202

€l 100 pr
] PLL phase advance shift
IN { T
N> R11Q C} oU
L —
ez 12 des 1S
100 pF & |1onrl) 2

B2 AHAL A L
Fig. 2. Phase advance shift.

TERBUE MO, M E RO 2 B Hhisk,
WA 2 — 5 AT ERS. iR 215 58id PI
H % (MHz 8 {5 5 38 0 F3 4 si % A8 O kHz &
), hnEk 2 e R bk AT LUK A R 22 T 8 B
L 3. ERAUR EG S BUE BN N, £
B AR AR T2 %5 S0 R ), g Sk
ISP ACANME R I, 905 5 ATE I A1), T2 8
LR T8 AR 9 AR AE 5, KRZ8JL MHz, Z401%
Ut B R RS 5 IR AFAE A AL 22, FA8IE 5 I8 AN 2 58
5Z2%E5RW. RTEFELRE, h—BrERGYS
BEBNIYZ 21y =R (7 W o) 1 = = R o
AR rhC H AR A R, U B AR S 519 B R A,

(a) Center Freq. 6.834 GHz

—60r RBW = 150 Hyz;
Span 20 MHz

—80

Power/dBm

—100

—120

Power/dBm

Frequency/MHz

w4, a2 d MBS e FD T EHOLE.
PR G AU PR B BUE B IR 1) — > L BAR ARl 2
PS5 AR, 1 4 (a) Hhr 0B 26 79 000 FF) 3 of B2
5 FH I, R ol A R I 2 MTHz B I £ /)N U,
7 P T St ] i A 3 i RN 3 B 1A T8
T AR R T B 4 S TR K e OB RS A A ™
AU

60 Center frequency 6.834 GHz
RBW = 150 Hz; Span 20 MHz

g L
m —80
o
~
=
9
z
A —100

—120

1 1 1
—10 -5 0 5 10

Frequency/MHz
K3 A S 3 e r B R (PZT) R8BS 1oL K HY
EEpRrIE S
Fig. 3. The spectrum of the beat frequency of two
frequency-locked lasers only with PZT feedback.

(b) Center Freq. 6.834 GHz
—60 RBW =1 Hz;
Span 1 kHz

_80 -
—100
[
—120f

—-0.5 0 0.5

Frequency/kHz

Pel 4 e f e 8 A0 F O S At ] R A8 1500 B A 80 2D 3% (a) Span 20 MHz; (b) span 1 kHz

Fig. 4. The spectrum of the beat frequency of two phase-locked lasers: (a) Span 20 MHz; (b) span 1 kHz.
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Abstract

We present a simple, versatile and reliable phase-locked laser system. The system consists of an external cavity
diode laser, Ti: Sapphire laser, fast detector, phase frequency detector (PFD) and loop filters. The beat signal of the
laser is detected with a detector. From the PFD, we can obtain an error signal. The loop filter converts the output of
the PFD into a control voltage and thus drives piezoelectric ceramic transducer (PZT) and current of diode laser. After
locking, the bandwidth of the beat signal is reduced form MHz to Hz. So the line-width of the diode laser is almost close
to that of Ti: Sapphire laser. The locking range is from sub-MHz to 10 GHz. So it is used for the ground hyperfine
state transition of 8"Rb. Through the use of the phase-locked loop system, we can drive the transition of 8Rb atoms
between two ground hyperfine states F' = 2 and 1. The system is used to demonstrate Raman transition between two
states through changing the detuning of the beat signal. From this, we can obtain Rabi frequency {2 = 10 kHz. So,
this system can be used to induce an effective vector gauge potential for ¥’ Rb Bose-Einstein condensed and realize the

spin-orbit coupling.
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