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a  b  s  t  r  a  c  t

A  compact,  low  loss and  polarization  insensitive  transceiver  module  configuration  based  on  free-space
integration  which  is applicable  to a high  sensitive  and  miniature  fiber-optic  gyroscope  is  proposed.  The
basic idea  of  this  module  is  to construct  a double  power  output  configuration  so  that  both  of the powers
of the  two  split  orthogonal  polarized  components  of  the  source  propagating  along  different  paths  can  be
utilized fully  which  thus  improves  the  signal-to-noise  (SNR).  In  addition,  the  signal  intensity  received  by
the detector  is  insensitive  to the  source  polarization  and  is independent  of  the  power  ratio  of the  two
split  orthogonal  polarized  beams,  which  relaxes  the  polarization  specification  of source  and  simplifies
the  integration  processes  of  transceiver  module.

© 2010 Elsevier GmbH. All rights reserved.

1. Introduction

A  fiber-optic gyroscope is a device that uses the phase differ-
ence (Sagnac effect) between two light waves traveling in opposite
direction around an optical fiber coil to measure inertial rotation
of the fiber coil. The amount of the phase shift of the two light
waves can be measured by determining the interference intensity
of the combined two light waves which depends on the rotation
rate of the fiber coil about its axis. For the traditional transceiver
module configuration applicable to the fiber-optic gyroscope, as
shown in Fig. 1(a), the key optical components (superluminescent
diode (SLD), coupler, detector and so on) are integrated by fiber cou-
pling so that it is bulky and incompact. Moreover, the fiber coupler
used in the transceiver module introduces the 6 dB inherent loss.
A small, compact and low loss transceiver module in a highly inte-
grated form factor is the trend for the research and development
of the high sensitive and miniature fiber-optic gyroscope. Several
approaches to form the compact transceiver module have been
reported [1–10]. Among these approaches, Free-space coupling is
an effective way to integrate the optical components into a compact
transceiver module. Kuniyoshi used a cube beam splitter and lens
to make the free-space integrated transceiver module of fiber-optic
gyroscope smaller [1],  as shown in Fig. 1(b), but the cube-beam-
splitter employed as the coupler still introduces the 6 dB inherent
loss like the case of traditional fiber-optic gyroscope. Demers used

∗ Corresponding author. Tel.: +86 13910899315.
E-mail address: zhouzhen@buaa.edu.cn (Z. Zhou).

a Faraday rotator and a polarizing beam splitter (PBS) to implement
an optical circulator in the transceiver module based on free-space
integration [2],  as shown in Fig. 1(c). For this configuration, the 6 dB
loss caused by the coupler is avoided because the in-plane polar-
ization of the incoming beam after passing through the Faraday
rotator twice (forward and backward) is rotated into the out-of-
plane polarization and then is totally reflected by the PBS onto the
receiving photodetector. However, this configuration is less advan-
tageous for the case that the SLD source is polarization independent
because the power of the split out-of-plane polarization compo-
nent of the source is lost by totally reflecting at the PBS and at least
3 dB loss is introduced. Moreover, even for the transceiver module
with polarization dependent SLD source, there exist the problem
that the polarization of the SLD source needs to be matched to
the principal axis of the PBS, which results in the complication of
the integration processes and the increase of the gyroscope cost.
The high signal-to-noise (SNR) obtained by decreasing the loss is
advantageous for improving the sensitivity and relaxing the loss
specifications of optical devices in the fiber-optic gyroscope. Cur-
rently there are lack of transceiver module configurations that meet
all of the requirements of low loss, compact configuration, small
size, polarization insensitivity and highly integrated form for the
high sensitive and miniature fiber-optic gyroscope.

In this paper, a novel fiber-optic gyroscope transceiver mod-
ule configuration based on free-space integration is proposed. Two
PBS’s, two Faraday rotators and two  half wave plates are employed
to construct a double power output configuration to utilize the out-
put power of the SLD source fully. The 6 dB inherent loss caused by
the coupler used in traditional transceiver module is eliminated so
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Fig. 1. Schematic diagram of the transceiver module configurations: (a) integration
by  fiber coupling; (b) integration by free-space coupling with a cube-beam-splitter
as the coupler; (c) integration by free-space coupling with a PBS and a Faraday
rotator as the circulator.

Fig. 2. Schematic diagram of the proposed transceiver module configuration.

that the higher SNR which improves the sensitivity of the gyro-
scope can be obtained. Moreover, the signal intensity received by
the detector is insensitive to the source polarization and is indepen-
dent of the power ratio of the two orthogonal polarized beams split
by the PBS. Consequently, either the polarization dependent SLD or
the polarization independent SLD can be used in this transceiver
module, and the careful and costly polarization alignment between
SLD and PBS is avoided.

2. Configuration of the proposed fiber-optic gyroscope
transceiver module

Fig. 2 shows schematically the configuration of the proposed
fiber-optic gyroscope transceiver module which composes a SLD
source, a collimating lens, two polarization beam splitters, two
Faraday rotators, two half wave plates, two focusing lenses, and
a detector. All of the optical components are integrated by the free-
space coupling method. The operation of the proposed transceiver

Fig. 3. Schematic diagram of the polarization evolutions along path 1 and path 2:
(a)  path 1 and (b) path 2.

module is illustrated in Fig. 3 and is described as follows. The ran-
domly polarized beam from the SLD is split into two orthogonal,
linearly, polarized components by the PBS 1 and propagate along
the path 1 and path 2, respectively. The angle between the optical
axis of half wave plate and the incident plane is 67.5◦ and the Fara-
day rotator rotates the polarization direction of polarized beam by
45◦. As shown in Fig. 3, along path 1, the s-polarized (out-of-plane)
beam reflecting at the PBS 1 proceeds from left-to-right through
the Faraday rotator and half wave plate and then is rotated into p-
polarized (in-plane) beam. Similarly, along path 2, the p-polarized
beam transmitting at the PBS 1 is rotated into s-polarized beam
after proceeding from left-to-right through the Faraday rotator and
half wave plate. The two orthogonal polarization beams are com-
bined by the PBS 2 and co-propagate through the focusing lens to
be coupled into the I/O fiber. After traveling the fiber coil, the two
returned orthogonal polarization beams are recombined by the I/O
fiber and are subsequently separated again by the PBS 2. For the
separated p-polarized beam from PBS 2 propagating along path 1
(In Fig. 3 this is the right-to-left direction.), the half wave plate
rotates the beam counter clockwise by 135◦ and the Faraday rotator
imparts a counter clockwise polarization rotation of 45◦ in relation
to the direction of the ray of light, thus the 180◦ counter clock-
wise rotation of the beam is obtained. However, for the separated
s-polarized beam from PBS 2 propagating along path 2 (In Fig. 3
this is the right-to-left direction.), the half wave plate rotates the
beam clockwise by 45◦ and the Faraday rotator imparts a counter
clockwise polarization rotation of 45◦ in relation to the direction of
the ray of light, thus there is no net change in the polarization. Con-
sequently, the polarization directions of the returned p-polarized
and s-polarized beams separated by the PBS 2 keep unchangeable
after passing through the half wave plate and Faraday rotator suc-
cessively. The PBS 1 subsequently reflects the s-polarized beam
and transmits the p-polarized beam onto the photodetector. It is
obvious that almost all of the output power from the SLD is uti-
lized which improves the SNR of the transceiver module. For the
fiber-optic gyroscope, the relative intensity noise (RIN) of SLD is
low (below −135 dB/Hz at the frequency above 20 kHz) [11], so the
noise contributions of the fiber-optic gyroscope are the shot noise,
Johnson noise (thermal noise). If the returning power at the detec-
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tor is over 1 �W,  the influence to SNR of the shot noise begins to
become larger than that of the Johnson noise [12,13]. Therefore,
for the proposed transceiver module, the higher received optical
power means the higher SNR.

3. Discussions and comparison with the other fiber-optic
gyroscope transceiver modules

In fact, this novel transceiver module can be regarded as a double
power output configuration. The beams arriving at the photode-
tector include two independent parts carrying the rotation rate
information of the fiber coil. Ignoring the insertion losses of the
optical components and the extra losses of the gyroscope system
and assuming the intensity of clockwise light wave is equal to
the one of counter clockwise light wave in fiber coil, the intensity
received by the detector can be written as

ID = IP + IS =
∣∣EP-CW + EP-CCWe−i�s

∣∣2 +
∣∣ES-CW + ES-CCWe−i�s

∣∣2

= 1
2

E2
P

∣∣1 + e−i�s
∣∣2 + 1

2
E2

S

∣∣1 + e−i�s
∣∣2 = (E2

P + E2
S )(1 + cos �s)

= E2
in(1 + cos �s) = Iin(1 + cos �s) (1)

where IP and IS are the intensities of the two orthogonal polariza-
tion components received by the detector, respectively; Iin is the
intensity of the SLD output beam, ES and EP are the amplitudes of
s-polarized and p-polarized components of SLD output beam split
by PBS 1, respectively. The subscripts of CW and CCW denote the
clockwise and counter clockwise light waves in the fiber coil, ϕs is
the Sagnac phase shift induced by inertial rotation.

Similarly, for the tradition transceiver module configuration
with a polarized SLD shown in Fig. 1(a) and the transceiver module
shown in Fig. 1(b), the intensity received by the detector can be
written as

ID-a,b = 1
4

Iin(1 + cos �s) (2)

For the transceiver module shown in Fig. 1(c), the intensity
received by the detector can be written as

ID-c = Iin cos2�(1 + cos �s) (3)

where � is the angle between the polarization of SLD output beam
and the principal axis of PBS. If the SLD of the transceiver module
shown in Fig. 1(c) is polarization independent, the equation of the
received intensity is the same with Eq. (2).

Compared with Eqs. (2) and (3),  it is obvious from Eq. (1) that the
gyroscope signal is strengthened and thus the detection sensitivity
is improved. On the other hand, the 6 dB improvement of received
optical power may  reduce the requirements of SLD output power
and optical devices losses in the system which means the relative
increase of the life time of SLD, the reduction of the gyroscope cost
and the simplification of the integration processes. In addition to
the advantages caused by the high SNR, the proposed transceiver

module is insensitive to the polarization state of SLD source so that
either the polarization dependent SLD or the polarization indepen-
dent SLD is applicable to this transceiver module. Moreover, from
Eq. (1),  it can also be found that the intensity received by the detec-
tor is independent of the power ratio of the p-polarized beam to
the s-polarized beam split by the PBS 1, which means the careful
and costly polarization alignment of the polarized SLD with respect
to the principal axis of PBS necessary in the integration processes
of the transceiver module shown in Fig. 1(c) is not required any
longer, consequently results in the reduction of the gyroscope cost
and the simplification of the integration processes too.

4. Conclusions

In summary, a novel fiber-optic gyroscope transceiver module
configuration based on free-space integration is proposed and its
operation is described. The high performance transceiver module
with the advantages including small size, compact configuration,
high SNR, polarization insensitivity, simplification of integration
processes is very promising in the high sensitive and miniature
fiber-optic gyroscope.
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