20(2): 167-171,2014

Acta Sinica Quantum Optica

. 1007-6654(2014)02-0167-05
+
b b b
( . 030006)
- (MZM) ]
. +0. 05°(C )6 -
: 0431.2 i A DOI:10. 3788/ASQ020142002. 0167
0
- (MZM) , MZM
b . b
b b ’ . MZM
[1.2] . s )
MZM , 1, MZM
(s . MZM
, . MZM o MZM
, MZM
b b b
o b b
MZM o
[9]
] ’ ’ b
MZM o ’
2 ’ b
[4-6]
o b o b
: 2014-01-20
(No. 61378010;No. 61121064) ; (No. 2010CB923101)
(1989—), ., s s » E-mail;:354498497 (@ qq. com

t : , E-mail: yongmin@ sxu. edu. cn



. 168 - 20(2) 2014
MZM , o (3) 4)
MZM ,
s Vi (20 = Vi — arccos(2P ., — l)VTr +
[10] T
, arccos(2P(x) —fl)vz. 5)
s
(CVQKD),
Q , MZM
CVQKD eEh ’ ?
(AP,
(AP,),
MZM s ’
’ ’ (5.
s +0. 05°¢( )
. (’]ergct .
A‘/largel - (,)130Ul APnul -
1 ZVW APcul b (6)
w1 — (2P, — 1)°
, AP, = JK(AI%)2>4*<(APG)2>O
P()L\t
P, T A0
Pmn = M[COS(@())“FIJ’ (1) AV 2
2 M= S = e AP, (D
P, , Tp " 1= @Po =D
’00 o ] Pin:17 9V,[:7. 852 Vv '\/<(AP|)2>:
Tp=1, (D 0. 000 14, /C(AP,)?) =0, 002 5P, ( 1
P, = %{COS[VLWW V() [+ } (2) MHa), (D, 1 A0
’ V!é‘s\ 0()
Vmax ( [) MZM ’ Vtes!
’Vﬂ ’ .
0° 180° ,
o Vi () .
150 s o
Vmgt)::VmpfaHXO“ZPw“_l)V“ (3) ’ o
T
Vi € [V s Vi 2 Vi (0 = Vo (0 + V., ’ MZM
MZM , ,
P.. . ( 150 ),
POL\[ (5)

Vi (228) = Vi (1) 4 2rccos(2PC0) = 1]y,
T

4
Vlzlrgel (x ’ )

P(x) x

MZM



« 169 -

, (5)
, MZM,
. 1 MZM , 10 ms,
1 .
° | laser }—{ MZM i i tap I >
A
3 DC hi v
1as
i}’ 25t photediode
o = Vtest
=
3
§ 15k microcontroller |
4
8 1r Fig. 2 The schematic of the bias control setup
5}
= 05} 2
0 n It p—
0 50 100 150 ’ V'“'
Test phase bias 0,/degree 150° o (n +1 )
Vufl ,
Fig. 1 The theoretical locking accuracy as o
a function of test phase bias 6, when vl =vr, — arccos(2Pon — 1>Vﬂ —+
s
the influence of noises is considered R
. ’ arccos(2P (150 )_I)Vﬂ. (8)
s
0(’ Ae V;Icst b PZU! n o
2 n+1
Ve MZM
MZM i
ZM(photline ). Vit — vy arccos(2Ph, — 1)V 9
s MZM max test T e
, CVQKD ,
4. 437°, 0. 074°, s y y
s MZM
MZM 2
o Vﬁ > Pin TD Vtcs\ 3
( 150° ) .
, MZM ,15°.20°,45°,90°,135°,150°,175°,177°,
Viest s MZM
MZM

b b



« 170 -

20(2) 2014
( 4+0.05° +009), 4
i _%0 0.15
, 15 90 = o1l
o}
° .5
’ iO 09 ( g 0.05
=}
Do g Of
&
= 005 |
g 3T =
ERE s My
= H = L
.JS 2.5t¢ E % -0.15
o) H £ 02}
E 2% &
E H -0.25 - - - -
3 1 0 20 40 60 80
= 13y “‘ Time/min
& !
S 1
§ 1f Q‘@ Fig.4 Bias control accuracy at target phase
;D “, bias of 15 degrees during 90 minutes
i) 051 ’~~ .
E e 4 415 90
£ o=—u T S
0 50 100 150

Target phase hias angle/degree

Fig. 3 Comparison of the experimental locking accuracy
between our technique (asterisk) and the
conventional technique (circle). The solid

line and dotted line is the theoretical fittings

3 ( )

MZM

o

90°,135°,150°,175°,177°

:15°,20°,45°,
+0. 05°
CVQKD

LIG L.YUP K L. Optical intensity modulators for digital and analog applications [J 1. Journal o f Lightwawve Technology

3
MZM
(1]
2003,21:2010-2030.
2]

(3]

[4]

[5]

L6]

XING Y F,LOU C Y. A novel scheme to generate 40-GHz CSRZ pulse trains using a 10-GHz dual-parallel Mach-Zehnder

modulator [J. Chinese Optics Letters,2011,9(1):010602.

WOOTENE L, KISSAK M, YI-YANA, et al. A review of lithium niobate modulators for fiber-optic communications
systems [J|. IEEE J Select Topics Quantum Electron ,2000,6:69-82.

DEVENPORT]J, KARIMA. Optimization of an externally modulated RF photonic link [J]. Fiber and Integrated Opt,

2008,27.7-14.

NicholsL. T, WILLIAMS K J.ESMANR D. Optimizing the ultrawide-band photonic link [J]. IEEE Trans Microw Theory

Technol ,1997 ,45.1384-1389.

FISHERMAND A. Design and performance of externally modulated 1. 5 um laser transmitter in the presence of

chromatic dispersion [J]. Journal of LightwawveTechnology.1993,11:624-632.



- ¢ 171 -

[7] SALVESTRINIJ P,GUILBERTL,et al. Analysis and control of the DC drift in LiNbO,;-based Mach-Zehnder modulators
(7. Journal of Lightwave Technology»2011,29:1522-1534.
[8] THOMAS LK. Optical Fiber Telecommunications III B [M]. USA:1997.
[9] ACKERMANE,COXC. Trade-offs between the noise figure and dynamic range of an analog optical link [J]. Proceedings
of Photonic Systems for Antenna Applications Con ference ,2000.
[10] WANGLL,KOWALCYZKT. A Versatile Bias Control Technique for Any-point Locking in Lithium Niobate Mach-
Zehnder Modulators [J1. Journal o f Lightwave Technology »2010,28:1703-1706.
[11] LODEWYCK]J,GRANGIERP,et al. Controlling excess noise in fiber-optics continuous-variable quantum key distribution
[J]. Phys Rev A,2005,72:050303.

A Bias Control Technique for Lithium Niobate Mach-Zehnder Modulators

WANG Shao-feng, WANG Xuyang, BAI Zeng-liang, LI Yong-min

(State Key Laboratory of Quantum Optics and Quantum Optics Devices .

Institute o f Opto-Electronics , Shanxi University , Taiyuan 030006, China)

Abstract: We propose a dither-free bias control technique for lithium niobate Mach-Zehnder modulators
(MZM) which can be used in continuous-variable quantum key distribution. Due to the introduction of a
specific test phase bias and calibration of MZM maximum output optical power, the feedback signal was
insensitive to the system’s noises including the input optical power fluctuations and the dark noise of
photodetector. The technique can be used to lock any arbitrary position along the MZM transfer function
with a locking accuracy around £ 0. 05 degrees (standard deviation).

Key words: continuous-variable quantum key distribution; lithium niobate Mach-Zehnder modulators;

bias control



