
0-4 and 5. The discontinuity of the F value range at KL S 1-37
is a genuine feature of this laser configuration, that also
appears in other calculations.2 As can be concluded from Fig.
3, the use of a.efI in eqn. 1 is essential for a reasonable line-
width calculation of DFB lasers with a reflecting end facet. It
can be shown that a comparably strong effect also occurs for
two reflecting end facets with KL>2 and in the case of the
phase-shifted DFB laser with at least one reflecting end facet
(reflectivity 32%).

The effective linewidth enhancement factor xeff in DFB
lasers usually differs from the material a. factor. In typical
devices, the linewidth can differ by about a factor of five
depending on the spectral position of the lasing mode relative
to the Bragg wavelength. No changes occur in the phase-
shifted DFB laser. With reflecting end facets, (1 + &\n) can
vary even by about an order of magnitude independently of a
phase shift. It should be stressed that for xeff ^ a several
other laser properties such as the stability or carrier number
fluctuations become modified.
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finlines to take the anistropy of the dielectric substrate and of
the ferrite into account.

In the case of the anisotropic substrate, the permittivity
tensor is assumed to be of the form

PERTURBATION ANALYSIS OF FINLINES
CONTAINING ANISOTROPIC MEDIA

Indexing term: Electromagnetic waves

The simple perturbation method is applied to obtain the
propagation characteristics of linlines loaded with aniso-
tropic material. Starting from the analysis of a finline on
isotropic dielectric substrate, we obtain the propagation con-
stants of finlines having dielectric anisotropy in the substrate
and finlines containing magnetised ferrite. The main feature
of the perturbation method is its simplicity. Since the aniso-
tropies encountered in practice are small deviations about
some mean isotropic value, the results obtained show good
agreement with those obtained using the rigorous methods
reported in the literature.

Introduction and theory: Various methods of analysis for
planar transmission lines containing anisotropic media have
been described.1 In References 2-5, the commonly used spec-
tral domain method (SDA) and the method of lines (MOL)
are reformulated to incorporate the anisotropies in the
analysis. In this letter, perturbation formulas are applied to
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where £0 is the permittivity of free space. The unperturbed
propagation contant, y?t, of the finline with isotropic substrate
is first obtained using a full wave analysis. The dielectric con-
stant e, in this case is chosen to be the mean of exx, tyy and £„.
For the substrates used in practice, the deviation of exx, evy

and £„ from er is small. The fields obtained with the isotropic
substrate are assumed to remain unchanged even in the pre-
sence of the anisotropy. Assuming these fields to be £ and H,
the propagation constant fi2 of the finline on anisotropic sub-
strate can be obtained with a simple generalisation of the
perturbational formulas6

(1)

In eqn. 1, e, = eoe,T, where 7is the unit dyadic. Similarly, the
corresponding formula for the case of ferrite loading,
assuming that the ferrite and the substrate have the same
dielectric constant, is given by

(2)

where Ji2 and #, are the permeability tensors of the ferrite and
free space, respectively.

Numerical results and discussion: In each case we compute the
values of j?i, E, and H using the singular integral equation
(SIE) method similar to the one used in Reference 7. In Fig. 1
we give the effective dielectric constant of a bilateral finline on

3 0 •

2 0 •

Fig. 1 Bilateral finline

a = 2ft = 7112mm; a, = 0-254mm; d = 10mm
£, = 10-44
£„ = £„ = 9-4; ery = 11-6
c « = «„ = 116; £„, = 9 4

x x x Yang e t al.

anisotropic dielectric substrate. Similarly, in Fig. 2 the effec-
tive dielectric constants of unilateral finline on anisotropic
substrate are given. In Fig. 3 the normalised forward and
reversed propagation constants of a unilateral finline loaded
with ferrite are given. It is seen that in all the cases the results
obtained using eqn. 1 and eqn. 2 are within 1% of those
obtained using rigorous methods given in References 2, 3 and
8. It can be seen from Reference 9 that, for a finline containing
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magnetoplasmons, the difference in forward and reverse pro-
pagation constants caused by anisotropy is again of the order

0 5
0 0 1 0 2 0 3 0 4 0 5 06 0-7 08 09 10

slot width ratio , w/b

Fig. 2 Unilateral finline

a = 26 = 7112mm; t = Ji = 3 4 9 3 5 m m ; / = 30GHz
1 Byj = es i = 13-6; exx = 10-2
2 £„ = ea = 9-4; £„ = 11-4
3 E,y = h, = 5 ' 2 ; E « = 3 ' 4

x x x Shalaby el al.

40 50 60
frequency, GHz

Fig. 3 Unilateral finline containing ferrite

a — 4b ~ 4-7mm; tj = (2 = 2-1 mm; d = h = 0-25mm
2W = 10mm; H^ = 500Oe; 4xMs = 5000 Gauss

x x x Geshiro e t al.

of only a few percent. The perturbation method can also be
applied to this case, by first analysing the corresponding iso-
tropic case involving a dielectric and the unmagnetised semi-
conductor. This is currently under investigation.

The method described in this communication could work as
a trivial extension of any of the already existing methods for
the analyses off finline on isotropic substrates (e.g., SDA,
MOL or SIE) to cater for the various anisotropies encoun-
tered in practice.

P. V. RAMAKRISHNA 12th March 1990
D. CHADHA

Department of Electrical Engineering
IIT Hauz Khas.
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TOWARDS A COHERENT OPTICAL
FREE-SPACE COMMUNICATION SYSTEM

Indexing terms: Optical communications, Optics

A coherent optical communication system based on a diode
laser pumped Nd : YAG laser with 620 mW single frequency
output power has been developed. Differential phase shift
keying at a data rate of 565 Mbit/s has been applied. Bit-
error-rates of 10~9 have been measured at a received light
power of — 46dBm.

A high power, diode laser pumped Nd : YAG laser has been
developed for application in coherent, free space optical com-
munications. The laser has been tested in a coherent optical
communication breadboard system using a 565 Mbit/s differ-
ential phase shift keying (DPSK) modulation format. The data
transmission system is shown in Fig. 1.

telescope

telescope

rwn
Fig. 1 Coherent optical DPSK communication system

a Transmitter
BS: beamsplitter; MISER: monolithic ND : YAG ringlaser; AFC:
frequency discriminator
b Receiver
BPF: bandpass filter; LPF: low pass filter; Tp: delay line

The optical layout of the 'twisted-mode' cavity (TMC)
Nd : YAG laser has been described.1 Polarisation coupling of
two 1W phased array diode lasers enables the output power
of the TMC laser to be increased to 620 mW at 1-06/an in a
single frequency TEM0 0 mode. To achieve this power level the
diode lasers were operated at an optical output power of
about 1-2 W each. The spectral purity of the TMC laser was
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