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A preferable set for stabilizing the intermediate

frequencies (IF) of optical heterodyne

Xiao Shilin, Li Haibo, Ma Xun
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Abstract:A preferable set for stabilizing the intermediate frequen-
cies of optical heterodyne in optical coherent communications sys-
tem is developed, A high stability for intermediate frequencies of
optical heterodyne may be realized by this set,and stabilizing inter-
mediate frequencies can be adjusted freely. In the coherent opt'ical
fiber communication system adopting 1.52 tm He-Ne lasers, the trac-
king stabilization of optical heterodyne intermediate frequencies may
be covered in the range of full TV channel when this set is used,
Relative to the optical frequency, the frequency stability is better
than 107°.
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Introduction

The stability of optical heterodyne IF is one of the key technique
in coherent optical communication, There are many kinds and ways

of stabilizing the IF ,The AFC(automatic frequency control)technique
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is often used so far, Ordinary, the error signal of frequency is taken
by the frequency discriminator and fed back to control the frequency
of local oscillation laser, and stabilize the optical heterodyne IF, A
éresidual frequency difference” is needed to maintain the control in
AFC technique, The “residual [frequency difference” itself may cause
agp unstable frequency in certain extent,so the frequency stabilization
will not be too high, As the frequency discrimination/phase discrimi-
nation technique is adopted,there is no %residual frequency;differ'ence”
during stabilization, and the frequency stability is increased, In this
frequency stabilizing set when an electrical heterodyne is once more
proceeded for the optical heterodyne IF,the performance of frequency
stabilization set is further increased, [t presents an easier realization
of frequency discrimination/phase discrimination technique, Particularly
the electrical heterodyne(or the secondary heterodyne)gives an optical
heterodyne IF stabilization for different frequencies by the convenient

adjustment of local electrical oscillating frequency,

Frequency stabilization principle of secondary heterodyne
frequency discrimination/phase discrimination

This kind of frequency stabilization method may be called as
“secondary heterodyne frequency discrimination/phase discrimination
frequency stabilization”, The systematic block diagram is shown as

Fig, 1,
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Fig.1 Schematic diagram of 2nd heterodyne frequency stabilizer
1—Optical transmitter 2—SM fiber 3-—3dB direction coupler
4—PIN 5—Preamplifier 6—IF recovery 7 —Electrical mixer
8 —Electrical OSC 9—IF amplifier 10—Frequency discrimina-
tor/phase discriminator 11—Reference OSC 12—Filter driver

13—Local oscillation laser 14—Polarizer 15—Polarization control

The signal light sending from optical transmitter through trans-
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mission optical fibar and the local oscillation light exciting by local
oscillation laser will be received by O/E detector after coupling
through 3dB SM optical fiber direction coupler and the optical frequen-
¢y conversion,i.e, the first heterodyne, will be realized, The optical
heterodyne 1F, o1r, is the difference between the local oscillation .
optical frequency o, and transmitted aptical frequency we:

@Wip= @~ Wc »

The optical heterodyne signal obtained from the first heterodyne
is divided into two path after amplified by the broadband preamplifier,
One path is used for communication procession, another path is sent
to the electrical mixer after IF carrier recovering, and mixed with
electrical local oscillation signal giving the secondary heterodyne,
The 21 (the frequency of 2ad IF) depends on £, and ©ir, 1, e, the
local eclectrical oscillation frequency and the first IF f{requency
respectively, that is

Qiv=80;-w1s (2)

By passing through a filter driving circuit the second IIF will be
frequency discriminated/phase discriminated with a highly stabilized
frequency reference signal, The outpht error signal will control the
frequency aad phase of local oscillation laser and stabilize the optical
heterodyne IF {requency,

Frequency discrimination/phase discrimination c¢ircuit possesses
the {requency discrimination at different f{requencies and the phase
discrimination at same frequencies,The acquisition lock-in performance
of loop circuit is obviously improved owing to the error control signal
present also at different frequencies,

After the loop circuit getting into the phase discrimination from
frequency discrimination,and causing a phase lock-in state,the second
IF frequency will be strictly equal to the frequency of referency
frequency: :

210= 0 3

The electrical local oscillation frequency £, in equation (2) is a
determined value on which the optical heterodyng IF frequency @iy
is just stabilized when the second IF frequency is locked in the refe-
rence {requency, The stabilized value is in relation to the electrical
locatl frequency 2., Different electrical local frequency gives different
stabilized optical heterodyne IF, So, by adjusting the electrical local
oscillation frequency, the stabilizing track will be presented for dif-

ferent optical heterodyne IF,
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Only one phase difference is needed for maintaining this type of
stable frequency coatrol,This techrique possesses a favorable {requency

stability of no residual frequency,

Frequency stabilization tracking experiment

In the experimental system, 1,52 tm He-Ne laser light sources are
adopted as both transmitting laser and local oscillation laser, The
trénsmitting laser frequency is stabilized by a Zeeman laser frequency
stabilizer, The amplitude modulation of transmitted optical signal is
obtained by an acousto-optic modulator, The optical heterodyne IF
frequency is realized by controlling the PZT of local oscillation laser,

Under the condition of laboratory now available, the frequency
stabilization may be proceeded for any optical heterodyne [F of 12
TV-bands (TV system ‘in China) frequency range, The experimental
result shows the system stabili»_ty relating to optical frequency stabi-
lity is better than 107°, Fig, 2 shows a photograph taken from oscil-
lograph at the frequency stabilization experiment,

Fig2, Photograph of 2nd hete-

rodyne stabilizing waveform

(10ns/div) Fig,3 The received TV signal at
a—QOptical heterodyne IF,80 -stabilized optical heterodyne
MHz b—2nd IF, 34 MHz IF

In transmission experiment, the analogue TV test signal was
transmitted and received by TV set, The stable receiving gives a
satisfactory result,

Fig, 3 shows a screen photograph of TV receiver when the mono-

chromatic check signal was received,



Conclusion

may carry oun tracking

Theoreticaly, frequency stabilizing set
the TV-band,

stablization for optical heterodyne IF, far exceeding
It is in relation to the amplifier bandwidth, the response speed of
O/E detector, Moreover, it does not need special requirement for
optical wavelength and the laser applied, In order to realize the IF
stabilization for semiconductor laser coherent system, this system
may also be adopted, In addition, the%optical heterodyne IF to be
stabilized can be adjusted freely, This feature will offer-a possible

technique for heterodyne detection of optical wave multiple channel

communications,
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