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Fig. 2 Simplified structure of PFD and charge pump

Bl 2 PFD A HL 5 A0 1) 1k 45 H I
KUK S.D il & 2 Q1 Fric h
UP, Q2 #rid i DN, D filh & %% & b F+ W fil & .
PFD 1 i tH 5 H far 22 A0 3% o B op Jr 7R JF 56 £ 92 B
a3 5 Ry PV SE B 3 RN AT NI TE 1 35 RN
.24 UP Hl DN 2y & s P I 37 2800 48 OC T,
N CP iy 19 HL 25 CRL Hp oK T ) 25 47 70 W B3
HL o

PFD (1) BELAR 3 % & 4 & 3 i, [ Ca) A
(b) & REF, BEAT il 2 41 [7] . A £ A [\] 25 0 1
&l 5 B (o) iy REF , BEATH5 # A A [6] (9 1% 20 5 &

() REF, BEAT Wi 2 A [/] HAH A7 [7] 25 i 1) 4
L. BARR TAER . (1) F 5%, | T PFD )
0 2% 1) PR Y8 B R /B 100M Haz, i DR 4
TG 5 F 2 2% (G 5 10 000 % 4 R i B A
B 5 B S B R R AE 100MHz P 5 (2) i
Z R [A 4 REF {55 f1 BEAT {55 (& 3(e) fifR)
2t PDF 7= 25 — A ik ob di o B 9 Ik o 5 2 g ke
TR 22 BRI K e AE 5 23 R O 3K 3l 0t
fr WU B % fff BEAT {55 M % 5 REF {5 %5
08T 28 A0 TR] 5 (3D 24 3% B 2R AH W] B L B Ca) R
REF 9 407 88 115, UP 7= 25 ik i - 9K 8h L i 52
LT AT SN S I QUUNE S & A = O (B S ¢
) s B (b) 7% 4 BEAT 9 41 {7 # § » DN ¥ =
Az ok b L SR Bl H fer S LR B R R K e, 3K B
W B AR AR AR () 5 (D & L B R
B2 5. BB O 28 A A e L ok J2 0 S
BEAETZHRES L, mE (D P iR, it
PED (%t b 0, SR FE8 . 24 UP Ml DN [A] ff
PR A TR O Rl il o e N )
JEH TR 8 £ W AP 4 B 3 i Ak
BB E S 3 2 ) 2 B A BB BR

cp

G

Fig. 3
Al 3

2 BRI
K4 23 ATE TRy OPLL H % it 31 81, % H

The ideal waveform of PFD
PFD #48 i# JE

ADF401020 = 9 BiAH 308 )7 . & A A A 2 4
WL A\ iy R 2 2 A i S AU A S B X B AR



£ 196 - T

EE

22(2) 2016

SCHFA AT i AD B8R Bl AGHz— 18GHz, & %
BN wi By O R E B 10MHz — 400MHz,
ADF41020 F 241 & 43 40 a4 #1805 PFD W A4 &
ey BEHREAF— 3V A SPI & 474 0 (CE, CLK,
DATA 5] i) il b2 4% 1 7] 55 f3f080 2 ) % Can 5
JAIL) AR % S SN A A g B IRCE R EHE S OA SR
hae. M5 5 M2 % BAE 5 A F ADF41020
R R PR A BT AR A e AR AR —
A5 00 2R 22 1 3 A AL 22 X RN R 22 5 5 (CP 5|
JAD X AE S R E N 0 =3V, &G54
R20 F1 C37 4 j ) L 4y &% J5 . # OP467 F

: | REFIN

) =] 49.9
11 5
O—r ce 41020 GND ;
O—rpoik Y RFIN L
DATA GND 1§
LE GND

>>>>>
ooooo

Fig. 4

R12 150K

OPASAT iz JIC 4L B A — 2 i K L 6 ik R, 56 — &
MR KB 25 0 2, BT DL BL I iR 22 (5 5 I B 0
— 6V, TR A5 575 F s A2 A7 X PR (X FEAE
BUERET IRZEGFSH M 0, Befa e REr8iaE) .
TERZEAR 5 3 ASE GO RE&RimA —3V i HE
Ui B T DAL B B R E AR S PR — 3V —
3VLEE TR ORI 35 R 300, 2 JE iR 205 5 ik
18 3 S CHe H B ) B B R e CHE g R 15D R
BREIHOLES R DS 5 AR IR ORI
P I 9 1 4SS B R Bl AR WO A R L L P R R B M
5 AR s K R B SO AR

R21 56

C33 470nF
R28 1.5K LED
11 AP}
10
||||_”'+

OP467 3
R29 100 | R31 200
PIEZO

The electric schematic of OPLL

B 4 OPLL H fi% J5 3 &

3 R

AR A O ADFA1020 $1 A = A 40 50 4
AT K = AN A3 A A T DL AN A R
FEAR S B IR BR 25 LA T 58 — > 40 0 2 2 [ 2 4 A
b oA 4 0 10043 W4 o LA P AN 43 B g 18 43 A LE AT
DL 3 4 A2 R 45 . ADF41020 HAg — 4~ 1. 8V
3V AN B AT 1 (SPD , SPT 3 B 44 45 = R
2k il CLK, $tdls DATA fl'5 A gg{5 5 LE,
FATH ADF41020 (5 SP1 11 5 8 B #L1 SPI [
R BN B RS A S, ADF41020 1)

BFEH AN A3 — A 24 7 5 A B8 L 2 77
A RAFHOE . — A N i Eoss (N X BEAT

AL R X REF(E2 045 . 7

CLK #4~ E T B 24 A B4 32 00 5 A K R B A
AL 2 LE A8 b B F B B0 15 B 2 6 B )
TR

4 Ziik

W58 1 O 2 SO B0 v % (9 B2 3T, R T Ot A
B IR (19 2 J50 B, 3 FEAZ O 0 1R 8 005 A e
PED 1 T AR Jsl BT BAA G 20 B o 9 % I AE AN [F]
1 00T H AR AR A RO A B E Bt B T B
FHERE R ADF41020 B8R 25 HL B% . 24 8 HL B% AR
M BT M AR E S8 T — 2 1 A & 52 B
B WOL % B9 AR A7 BUE



OE7ESE TR TG R G006 BUH I 5 3 .« 197 -

5% ik
[1] Mark Kasevich, Steven Chu. Laser Cooling Below a Photon Recoil with Three-Level Atoms [[J]. PhysRev Lett,1992,

[2]

3]

[4]

L6]

L7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

69(12):1741-1744. DOI; http:10. 1103/PhysRevlett. 69. 1741,
Anderson M H, Ensher ] R, Matthews M R, et al. Observation of Bose-Einstein Condensation in a Dilute Atom Vapor
[J]. Science,1995,269(5221) :198-201. DOI: 10. 1126 /science. 269. 5221. 198.
Phillips D F, Fleischhauer A, Mair A, etal. Storage of Light in Atomic Vapor [J]. PhysRev Lett, 2001,86(5) :783-
786. DOI: http:10. 1103/PhysRevLett. 86. 783.
ZHANG Jun-xiang,ZHOU Hai-tao, WANG Da-wei,et al. Enhanced Reflection via Phase Compensation from Anomalous Dispersion
in Atomic Vapor [J]. Phys Rev A ,2011,83(5);053841. DOI; 10. 1103/PhysRevA. 83. 053841.
W E,EST B FE T SRR EIT A Bp st st M LT]. 7O 2%, 2014,20(2):148-153.
DOI:10. 3788/asqo20142002, 01438.
LU Bao-long, Burkett W H, Min Xiao. Electromagnetically Induced Transparency with Variable Coupling-Laser Linewidth[J].
Phys Rev A,1997,56(1) :976-979. DOI: 10. 1103/PhysRevA. 56. 976.
LU Bao-long, Burkett W H, Min Xiao. Frequency Matching Effect in Electromagnetically Induced Transparency [J].
Opt Commun. 1997 ,141(6) :269-272. DOI1:10.1016/S0030-4018(97)00258-7.
Alberto M. Marino and C. R. Stroud Jr. Phase-Locked Laser System for Use in Atomic Coherence Experiments [ J].
Rev Sci Instrum. 2008,79(1):013014. DOI. 10.1063/1.2823330.
GRS M BUE RO R R A TR EE S BB LR I Sk, 2013,33(7):0714001. DOL:
10. 3788/20s201333.0714001.
Michael M. Kash, Vladimir A. Stautenlov, Alexander S. Zibrov, et al. Ultraslow Group Velocity and Enhanced
Nonlinear Optical Effects in a Coherently Driven Hot Atomic Gas[ J]. PhysRev Lett. 1999,82(26) :5229-5232. DOI;
10. 1103 /PhysRevlett. 82. 5229.
LI Lu-ming. GUO Hong, XIAO Peng,et al. Cotrol of Light in an M-Type Five-Level Atomic System[ J]. J Opt Sci
Am B,2005,22(6):1309-1313. DOI:10. 1364/JOSAB. 22. 001309.
Bajesy M, Zibro A S, Lukin M D. Stationary Pulses of Light in an Atomic Medium [J]. Nature. 2003,426(1) :638-
641. DOI: 10.1038/nature02176.
Sang Eon Park, Taeg Yong Kwon, Ho Secong Lee. Production of Raman Laser Beams Using Injection-Locking
Technique [J]. IEEE Trans Instrum Meas. 2003,52(2):277-279. DOT; 10. 1109/TIM. 2003. 809911.
Daniek A. Steck, “Rubidium 85 D Line Data” [ Z/OL] Available Online at http: // steck. us/alkalidata ( revision
0.1.1, 2 May 2008).
Daniek A. Steck, “Rubidium 87 D Line Data” [ Z/OL] Available Online at http: // steck. us/alkalidata ( revision
2.1.4, 23 December 2010).
Daniek A. Steck, “Cesium D Line Data”[ Z/OL] Available Online at http: // steck. us/alkalidata (revision 2. 1.4, 23
December 2010).
Kobayashi S, Kimura T. Injection Locking in AlGaAs Semiconductor Laser[ J]. IEEE J. Quantum Electron. 1981,
QE-17(5):681-689. DOI; 10.1109/JQE. 1981.1071166.
Kobayshi S, Yamada ], Machida S, ez al. Single-Mode Operation of 500 Mbit/s Modulated AlGaAs Semiconductor by
Injection locking [J]. Electron Lett. 1980,16(19) :746-748. DOI; 10.1049/el:19800530.
Mogensen F, Olesen H, Jacobsen G. FM Noise Suppression and Linewidth Reduction in an Injection-Locked Semiconductor
Laser [J]. Electron Lett. 1985,21(16) :696-697. DOI: 10. 1049/¢l:19850492.
Spano P, Piazzolla S, Tamburrini M. Frequency and Intensity Noise in Injection-LLocked Semiconductor Lasers: Theory
and Experiments [ J|. IEEE J. Quantum Electron. 1986, QE-22(3) :427-435. DOI: 10.1109/JQE. 1986.1072982.
Iwashita K, Nakahawa K. Suppression of Mode Partition Noise by Laser Diode Light Injection [J]. IEEE J. Quantum



. 198 - B 7T 0t ¥ ¥ I 22(2) 2016

Electron. 1982, QE-18(10) :1669-1674. DOI:10. 1109/JQE. 1982. 1071415.

[22] Brandt S,Nalel A, Wynands R, ez al. Buffer-Gas-Induced Linewidth Reduction of Coherent Dark Resonances to Below
50 Hz [J]. PhysRev A,1997,56(2):R1063.DOI:10.1103/PhysRevA. 56. R1063.

[23] Weiss D S, Young B C,Chu S. Precision Measurement of h/m¢,Based on Photon Recoil Using Laser-Cooled Atoms and
Atomic Interferometry [J7. Appl Phys B.1994,59(3):217-256. DOI; 10. 1007/BF01081393.

[24] Santarelli G, Clairon A. Heterodyne Optical Phase-Locking of Extended-Cavity Semiconductor Lasers at 9 GHz [J].
Opt Commun ,1994,104(4) :339-344. DOI. 10.1016/0030—4018(94)90567 — 3.

[25] David S. Weiss, Brenton C. Young, Steven Chu. Precision Measurement of Photon Recoil of an Atom Using Atomic
Interferomtry [ J]. Phys Rev Lett ,1993,70(18) :2706-2709. DOI:10. 1103 /PhysRevLett. 70. 2706.

[26] Telle HR,Meschede D, Hiansch T W. Realization of a New Concept for Visible Frequency Division: Phase Locking of
Harmonic and Sum Frequencies [ J]. Opt Lett ,1990.,15(10) :532-534. DOI; 10.1364/0L. 15.000532.

[27] Steven T. Cundiff, Jun Ye, John L. Hall. Optical Frequency Synthesis Based on Mode-Locked Lasers [ J]. Rev Sci
Instrum ,2001,72(10) :3749-3771. DOI: http:10. 1063/1. 1400144,

Design of Optical Phase Locked Loop for Atoms-Lights Coupling Systems

MA Zhi-jun, WANG Dan, WU Jin-ze, ZHANG Jun-xiang

(State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of

Opto-Electronics . Shanxi University s Taiyuan 030006 , China)

Abstract; The optical phase locked loop (OPLL) is obtained from the electronics phase locked loop, which
also affects the optics with its developing. The OPLL is based on photoelectric detectors, phase
discriminator and matched electric circuits. The current module and piezoelectric ceramics scaling module of
the semiconductor laser to be locked are controlled by the feedback loop. By this way, the frequency and
phase of two lasers could be locked by the OPLL. The structure of the OPLL and the operating principle of
phase frequency detector (PFD) were introduced in this paper. A new OPLL circuits was designed based on
the phase locked loop chip ADF41020, and the designed frequency difference range of two lasers to be
locked was 4 GHz— 18 GHz.

Key words: optical phase locked loop; phase frequency detector; phase locked circuits



