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Fig. 1. Schematic diagram of the two-tone optical heterodyning method.

124211-2


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 124211

i(t) = R{A% + A3

+ 24145 Z Z Ty <“V1> (@S)

p=—00 g=—00

x cos[2T (pfit + qfot — fst) + 61
+92+901—902]}, (5)
o J,(2) 5 Jg(x) N — RN ZEI/RRKE. M (5)
XA LA, W& Z ARSI EE S
B A E T pfitqfa—fs PRy, g AE H

Jp (V1 ) Viy ) T g (V[ Ving ) AT A3 B R(f){}%ﬁg, AN
Wp=1,¢g=-1Mp=0,¢=1, UH

i(fi—fat fs)
=2A1A2J1 (Td/l> J1 (nV2> (fl f2if5>7

VT(l Vn
(6)
i(fQifs)
_2A1A2J0 (;S>J1 (x)R(fQifb) (7)
H2 f1 = 2fe, WA R(f1 — fat fs) = R(f2 % f5).-

B (6) A0 (7) sUMER, W15

H(f1, Vi)
_ i(fi—foEfs)
(f2 ifs)

% miVa Vi
() () e (G
o (nVl> b (7%) Jo <“Vl> Y
Vi Vio Vi
50 2 U, PR AR ZE i AE S
fi— fox fs5 fo & fOIE B, 75 C R IK 30 e B
LT, Rm K AE (8) = AT 15 21 B Y AH A 1 il #3 7
PWHIIER f1 PR HE Vig . BT FOG A AL ) 2%
EnERCE FHE S f1 & 2f FIFECR,
A 7500 2 Tk R PRI 2 PR AR e S Y R, SEER T
HEAENE. R, fiEohdh i hn — o+ 5
fo = fs LR MBI fi 0 —F, BFHTE T
— 22 R RN 8 A ATRE AN )2 T

3 SEEISAE

FoATTXE B A AL O ) 28 2R AT T ARG IE, sK
96 YR I KA 1550.13 nm, GRS H DGR
B —AN50/50 (6 ThAr 28 4 N AS LR, Hodr—

W22 i i i A ) 4 S, 2 N AR U0 E Y R A U )
(COVEGA 10053), il &% L #0008 6145 5 iy
MR (R&S SMB 100A, HP 86320A) &4k &
H A (HP 11667A) 51531, 51— BOGEIRAE 5 &
i R A A (CETC F-YSG70) #4170 MHz J5
52 AT NG 5 A R, #EAFDG EﬁﬁcuﬂJ
(HP 11982A) HEAT 't L 8, PRI 25 4 H A LA
AL BT X (R&S FSUS0) #E 4743 #7 AL FE. jj
T 58 G 85 6 Mo L, A B R oA
A 45 58T 95/5 HIAS & 45 20 H 5% Hi A\ 2D
BT (YOKOGAWA AQ6370C) H#EAT 61 4
. SEES RS0 e A b B 4R FH APC $2:3k DA
Tl S8 T AR R

0
f1=20 GHz, f,=9.99 GHz, f,=0.07 GHz
—10
0
_20f —10f
=201 fo— fs 2+ fs m
g _sol 8 I fot f.
m m —30
3 c ol 22.47 dB
s —40f ¥ 2+ f
% = _s0 P L
50  —60
—70 \
—60 9.90  9.95 10.00 10.05 10.10
#i /GHz
1 1 1 1 1
0 2 4 6 8 10 12
ﬁK/GHZ

B2 SRSE SR 22 A LA S A L R A
f1 =20 GHz, f2 =9.99 GHz, fs = 0.07 GHz

Fig. 2. Typical electrical spectrum of the two-tone
optical heterodyning in the case of fi = 20 GHz,
f2 =9.99 GHz, fs = 0.07 GHz.
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Abstract

High speed electrooptic phase modulators play very important roles in the high-speed optical fiber communication
system, microwave photonic system, and coherent optical communication system, due to their advantages of bias voltage
free and linear modulation. As an intrinsic parameter, the half-wave voltage of an electrooptic phase modulator has been
characterized by using an electrical spectrum method and an optical spectrum method in the last two decades. The op-
tical spectrum method is generally limited by the line-width of the laser source and the resolution of the available optical
spectrum analyzer, while the electrical spectrum method requires the conversion from phase modulation to intensity
modulation before photodetection, since a phase modulator generates a phase modulated optical signal with constant
envelope. The major difficulty in the electrical spectrum method lies in the extra calibration for the responsivity fluctu-
ation in the photodetection. In this paper, a novel self-calibrated measurement of half-wave voltage of electrooptic phase
modulators is carried out based on the optical heterodyning between the two-tone phase modulated sidebands and the
frequency-shifted carrier. The method achieves a self-calibration measurement, and avoids the effect of the responsivity
fluctuation in the photodetection by setting a specific frequency relationship between the two-tone microwave signals.
Moreover, it extends the measuring frequency range to the double bandwidth of photodetection and spectrum analysis.
Compared with the optical spectrum method, the proposed method achieves very high frequency resolution measure-
ment, and simultaneously avoids the line-width influence of laser source by use of two-tone heterodyning. Compared
with the traditional electrical spectrum method, our method works under no small-signal assumption nor photodetection
calibration, and eliminates the limits of electrical driving amplitude and operating wavelength. Moreover, it decreases
by at least half bandwidth requirement for the photodetector and spectrum analyzer. Our experimental demonstra-
tion shows that the measured half-wave voltages of the electrooptic phase modulator obtained by our method agree
well with the data measured by the optical spectrum method, and the two-tone heterodyning method greatly improves
the measurement range and frequency resolution. The proposed measurement method provides a very simple analysis
method for the microwave characterization of high-speed electrooptic phase modulators, which is also a reference for

other optoelectronic devices.
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