This material may be protected by copyright law (Title 17
U.S. Code)



NOTICE
WARNING CONCERNING
COPYRIGHT RESTRICTIONS

The copyright law of the Untied States [Title 17,
United States Code] governs the making of
photocopies or other reproductions of copyrighted
material. |
Under certain conditions specified in the law,
libraries and archives

Are authorized to furnish a photocopy or other
reproduction. One of these specified condition is that
the reproduction is not to be used for any purpose
other than private study, scholarship, or research. If a
user makes a request for, or later uses, a photocopy or
reproduction for purposes in excess of “fair use,” that
use may be liable for copyright infringement.

This institution reserves the right to refuse to accept a
copying order if, in its judgment, fulfillment of the
order would involve violation of copyright law. No
further reproduction and distribution of this copy is
permitted by transmission or any other means




| Eisenhower Express - Homewood - [MSEL-FH-56] Eisenhawe

i e e

From: express@jhu.edu

To: <express@jhu.edu>

Date: 10/31/2005 12:43:40 PM

Subject: [MSEL-FH-56] Eisenhower Express Document Delivery Request Form

Patron email submitted on Mon October 31 2005 12:43

First Name: Brinton

Last Name: Cooper

Department: ECE

Status: Faculty

Library ID: 21151006516880
Phone: 607014

Email Address: abcooper@jhu.edu

Journal/Book Title: Electronics Letters

Article Author(s): T. Okoshi and Y.H. Cheng

Article Title: Four-port homodyne receiver for optical fiber communications comprising phase and
polarization diversities

Volume Number: 23

Issue Number: 8

Publication Date: Apr 9, 1987 /2
Pages: 377-378
Deliver to: electronic .

TK//gOO'



Then all the intersecting angles are equal to or greater than
Omin» and the total length of the crossconnecting section
becomes

L. =2Rssin ¢ + {(N — 1XF — D)
— 2R(1 — cos ¢)}/tan ¢ 5)

Although the total length can be further reduced by opti-
mising other intersecting angles, the effect is small. Thus, eqn.
5 gives the shortest length possible of the crossconnecting
section having the waveguide curvature of R and the
minimum intersecting angle of 4,,,.
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Fig. 4 Calculated matrix lengths as functions of adjacent switch element
distance
F =200um is assumed in the crossbar. R = 30mm, 6, = 7deg,
L, =2mm

Calculations: The total length of the integrated 8 x 8 matrix is
calculated from eqns. 1 and 5, and then compared with the
length of the conventional crossbar matrix. The results are
shown in Fig. 4. The minimum intersecting angle was assumed
to be 7 degrees whereby crosstalk is negligible.’ The curvature
of 30mm and switch element length of 2mm were used.? The
Figure shows that the required length of the connecting wave-
guides is almost the same for both the crossbar and the tree-
structured matrices. However, the total length is shortened in
the tree structure because this matrix requires only 6(= 2n)-
stage switch elements, whereas the crossbar matrix requires
15(= 2N — 1)-stage elements. The total length of an 8 x 8
tree-structured matrix is 43mm when the adjacent switch
element distance is 60 um. Additionally, all the intersecting
angles were calculated and confirmed to be equal to or greater
than 7 degrees.

In the same way, the length of the 8 x 16 tree-structured
matrix was calculated. In eqn. 1 the number of switch element
stages was n=4 for 1 x 16 splitters and n=3 for 8 x 1
switches. The length of the crossconnecting section was almost
the same as the length of N = 12 (= (8 + 16)/2) in eqn. 5. The
total length of 60mm was obtained, and this length enables
integration on a single substrate.

Conclusion: An integrated N x N tree-structured optical
switch matrix has been proposed. The geometrical design con-
siderations have been described. The required matrix length
was shorter than that of the crossbar matrices, and 8 x 8 to
8 x 16 tree-structured matrices are possible on a single
LiNbO, substrate.
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FOUR-PORT HOMODYNE RECEIVER FOR
OPTICAL FIBRE COMMUNICATIONS
COMPRISING PHASE AND POLARISATION
DIVERSITIES

Indexing terms: Optical communications, Optical receivers

A new four-port homodyne receiver for optical fibre commu-
nications is proposed and studied experimentally. It com-
prises phase- and polarisation-diversity schemes, removing
the need for phase locking and polarisation control. The bit-
error-rate measurement is also reported.

Introduction: Among various coherent optical fibre communi-
cation schemes,! homodyne schemes are attractive because the
required receiver bandwidth (highest detector response
frequency) is equal to the signal baseband fy, in contrast to
typically 5f, in heterodyne schemes.? This advantage will
become increasingly important because the signal bit rate is
now approaching the gigabit/s level, whereas the APD/PD
response is still typically within a few gigahertz, However, in a
conventional homodyne receiver, a phase match is required
between the carrier and the local oscillator (LO), which is
rather difficult to achieve. To overcome this difficulty, phase-
diversity schemes®* have been proposed, offering practical
countermeasures against the phase fluctuation.

Another fluctuation phenomenon that makes homodyne (as
well as heterodyne) detection difficult is the fluctuation of the
state-of-polarisation (SOP) in the received signal. In a recent
paper® one of the present authors predicted that, among
various countermeasures against the SOP fluctuation, polar-
isation diversity® would become most attractive in the future
when optoelectronic (OE)IC receivers become common, and
that polarisation and phase diversity would eventually be
unified in a multiport detection system.

In this letter we propose a new four-port homodyne recei-
ver comprising phase and polarisation diversities, and report
bit error rate (BER) measurements, which are the first for
DPSK homodyne systems. The features of the proposed
scheme are: (i) no need for phase locking and polarisation
control, (i) the requirement on the laser linewidth is approx-
imately equal to the conventional heterodyne DPSK detection
scheme (detailed discussion will be reported elsewhere), and
(iii) the possibility of a complete OEIC version in the future.

Principle: The received signal light, which has an arbitrary
SOP, is split into two branches by a Wollaston prism; the two
lights thus split are vertically and horizontally polarised (see
Fig. 1). Both of them are led to 90 degree optical hybrids.”
Thus we obtain two pairs of in-phase (I) and quadrature (Q)
signal components for the vertical and horizontal polarisa-
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Then all the intersecting angles are equal to or greater than
f,..» and the total length of the crossconnecting section
becomes

L,=2Rsin ¢ + {(N — 1XF — D)
— 2R(1 — cos ¢)}/tan ¢ 5)

Although the total length can be further reduced by opti-
mising other intersecting angles, the effect is small. Thus, eqn.
S gives the shortest length possible of the crossconnecting
section having the waveguide curvature of R and the
minimum intersecting angle of 8,,,,.

70} crossbar
Ref. 4(F=360pm)
60} ]
50 A
€
£
o40f
-
+ -
. db switch elements
~ 30} -
£ P L
5 L =7
s =
x 20}
1ok connecting waveguides
0 A 1 A i -
0 20 40 60 80
switch element distance 2D,um

Fig. 4 Calculated matrix lengths as functions of adjacent switch element
distance
F = 200um is assumed in the crossbar. R = 30mm, 6,;, = 7deg,
L,, =2mm

Calculations: The total length of the integrated 8 x 8 matrix is
calculated from egns. 1 and 5, and then compared with the
length of the conventional crossbar matrix. The results are
shown in Fig. 4. The minimum intersecting angle was assumed
to be 7 degrees whereby crosstalk is negligible.® The curvature
of 30mm and switch element length of 2mm were used.®* The
Figure shows that the required length of the connecting wave-
guides is almost the same for both the crossbar and the tree-
structured matrices. However, the total length is shortened in
the tree structure because this matrix requires only 6(= 2n)-
stage switch elements, whereas the crossbar matrix requires
15(= 2N — 1)-stage elements. The total length of an 8 x 8
tree-structured matrix is 43mm when the adjacent switch
element distance is 60 um. Additionally, all the intersecting
angles were calculated and confirmed to be equal to or greater
than 7 degrees.

In the same way, the length of the 8 x 16 tree-structured
matrix was calculated. In eqn. 1 the number of switch element
stages was n=4 for 1 x 16 splitters and n=3 for 8 x 1
switches. The length of the crossconnecting section was almost
the same as the length of N = 12 (= (8 + 16)/2) in eqn. 5. The
total length of 60mm was obtained, and this length enables
integration on a single substrate.

Conclusion: An integrated N x N tree-structured optical
switch matrix has been proposed. The geometrical design con-
siderations have been described. The required matrix length
was shorter than that of the crossbar matrices, and 8 x 8 to
8 x 16 tree-structured matrices are possible on a single
LiNbOj; substrate.
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FOUR-PORT HOMODYNE RECEIVER FOR
OPTICAL FIBRE COMMUNICATIONS
COMPRISING PHASE AND POLARISATION
DIVERSITIES

Indexing terms: Optical communications, Optical receivers

A new four-port homodyne receiver for optical fibre commu-
nications is proposed and studied experimentally. It com-
prises phase- and polarisation-diversity schemes, removing
the need for phase locking and polarisation control. The bit-
error-rate measurement is also reported.

Introduction: Among various coherent optical fibre communi-
cation schemes,! homodyne schemes are attractive because the
required receiver bandwidth (highest detector response
frequency) is equal to the signal baseband f,, in contrast to
typically 5f, in heterodyne schemes.> This advantage will
become increasingly important because the signal bit rate is
now approaching the gigabit/s level, whereas the APD/PD
response is still typically within a few gigahertz. However, in a
conventional homodyne receiver, a phase match is required
between the carrier and the local oscillator (LO), which is
rather difficult to achieve. To overcome this difficulty, phase-
diversity schemes®* have been proposed, offering practical
countermeasures against the phase fluctuation.

Another fluctuation phenomenon that makes homodyne (as
well as heterodyne) detection difficult is the fluctuation of the
state-of-polarisation (SOP) in the received signal. In a recent
paper® one of the present authors predicted that, among
various countermeasures against the SOP fluctuation, polar-
isation diversity® would become most attractive in the future
when optoelectronic (OE)IC receivers become common, and
that polarisation and phase diversity would eventually be
unified in a multiport detection system.

In this letter we propose a new four-port homodyne recei-
ver comprising phase and polarisation diversities, and report
bit error rate (BER) measurements, which are the first for
DPSK homodyne systems. The features of the proposed
scheme are: (i) no need for phase locking and polarisation
control, (ii) the requirement on the laser linewidth is approx-
imately equal to the conventional heterodyne DPSK detection
scheme (detailed discussion will be reported elsewhere), and
(iii) the possibility of a complete OEIC version in the future.

Principle: The received signal light, which has an arbitrary
SOP, is split into two branches by a Wollaston prism; the two
lights thus split are vertically and horizontally polarised (see
Fig. 1). Both of them are led to 90 degree optical hybrids.”
Thus we obtain two pairs of in-phase (I) and quadrature (Q)
signal components for the vertical and horizontal polarisa-
tions with respect to the LO. In other words, we prepare two
phase-diversity receivers proposed by Hodgkinson et al.,> for
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the two polarisations. Thus the four combinations of the
signal and LO are photodetected, amplified and DPSK-
demodulated (i.e. multiplied with the signal itself delayed by T
equal to a signal bit length), and finally, simply added alge-
braically.

The added output can be written, ignoring DC terms, as

V = +{4K?aPs P, cos® ¢(t) + 41 — K)*aP P,
x cos? [@(t) + d;, — dg] + 4K} (1 — 0)Ps P,
x cos? [p(t) + 0] + 41 — K)(1 — o)Ps P,
x cos? [¢(t) + 0 + d; — ds) 1)

where subscripts L and § denote LO and signal, respectively,
P is the power at the input of the optical hybrid, K and « are
power splitting factors of the 90 degree optical hybrid and in
the Wollaston prism, respectively, ¢(t) is the relative phase
noise of the semiconductor lasers, 8 is the phase difference
corresponding to the ellipticity in the SOP of the signal, d is
the phase difference between the vertical and horizontal field
components, and the ‘+’ sign corresponds to a DPSK mark
signal (1, 1 or 0, 0) and a DPSK space signal (1, 0 or 0, 1),
respectively.
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Fig. 1 Principle of proposed receiver

If we let K = 1/2 and d, — d, = 90 degrees in eqn. 1 because
the system is so designed, eqn. 1 becomes independent of ¢(¢),
0 and «, being simplified as

V=2+P, Pg )

Thus, the complete DPSK signal can be restored by simply
adding the four outputs.
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Fig. 2 Experimental set-up for BER measurement

HM = half-mirror, WP = Wollaston prism, FP = Fabry-Perot
interferometer, BSC = Babinet—Soleil compensator

Experiment and results: The experimental set-up is shown in
Fig. 2. Two 1-3um DFB external cavity semiconductor lasers
are used as the signal and LO, which are frequency-stabilised
by temperature control and an AFC loop. The beat frequency
between the two lasers is less than 30 MHz, and the linewidth
of the beat frequency is narrower than 1 MHz. An LiTaO,
waveguide phase modulator is used to give the DPSK signal.
The LO power at the photodetector surface is —8-2dBm. The
four front-end circuits consist of InGaAs PINs and GaAs
FETs.

A detected eye pattern for the 200 Mbit/s, 2! — 1 pseudo-
random sequence used in the experiment is shown in the inset
of Fig. 3, where the measured BER (curves d, e) and theoreti-
cal curves (a, b, ¢) are also shown. In the calculation of the
theoretical curves, the actual baseband amplifier bandwidth
(200 MHz) is used, which is twice the Shannon limit. Curves a,
b and ¢ show the shot-noise-limited state without phase noise,
that with a 1 MHz linewidth of the beat frequency, and the
BER for finite LO power (—8-2dBm), respectively. Curves d
and e show the measured BER as a function of signal source
power, and that as a function of the total signal power inci-
dent on the detectors (2:8dB below d), respectively. Fig. 3
shows that the achieved sensitivity is —48-8dBm for
BER = 1077, which is about 5dB worse than theory. The
difference is attributed to the imbalance of the receiver, imper-
fect phase modulation and wavefront mismatch between
signal and LO on the detector surface; efforts are being made
to reduce these. The variation of the receiver sensitivity due to
the fluctuation of the deflection angle of a linearly polarised
signal was within +0-6dB.
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Fig. 3 Error rate against received signal power
See text for details

Discussion and conclusions: A new four-port homodyne recei-
ver has been proposed and the BER has been measured. The
results of experiment show that the proposed scheme is tech-
nically feasible, removing the need for phase locking and pol-
arisation control.
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