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DYNAMIC MODELLING OF 

SCATTERING MATRICES 
DISTRIBUTED-FEEDBACK LASERS USING 

Indexing terms. Semiconductor lasers, Modelling, Transmis- 
sion lines 
- 
A new technique for modelling DFB semiconductor lasers 
above threshold using scattering matrices is described. 
Quarter-wave-shifted grating devices are compared with 
unshifted devices under transient conditions. 

Introduct ion:  Distributed feedback (DFB) semiconductor 
lasers have a greater mode selectivity than Fabry-Perot 
devices, and so are preferred as sources for long-haul high- 
capacity fibre systems.' However, dynamic single-mode 
(DSM) operation is still difficult.' Accurate multimode 
dynamic computer models could help in designing DSM 
DFBs. 

Many DFB models calculate the individual mode threshold 
gains in an attempt to  assess wavelength ~ t a b i l i t y . ~ - ~  
However, these usually neglect the saturation and inhomoge- 
neity of the gain which occurs at the onset of 
Dynamic models are available, but these assume a single oscil- 
lating mode, making the study of mode stability impossible.' 

This letter reports on a simple, numerically efficient, versati- 
le technique t o  find DFB laser transient responses and 
spectra. This is based on scattering matrices solved in the time 
domain, and is a modification of the transmission-line laser 
model (TLLM).'-'' The TLLM contrasts with transfer matrix 
models; these are solved in the frequency domain and are 
unsuitable for dynamic simulations or where saturation is 
present.".' ' 
T h e o r y ;  The TLLM is based on a series of scattering matrices 
representing the optical processes which modify forward- and 
backward-travelling waves as they pass along the cavity.8 
These matrices are connected by transmission lines which rep- 
resent the propagation delays of the waves and also serve to  
discretise time and space, allowing a digital computer to solve 
the network. 

In Fabry-Perot TLLMs, the waves are only reflected at the 
facets. In DFB devices, the forward and backward waves are 
coupled along the entire cavity length because of a modula- 
tion of the guide dimensions. This coupling can be represented 
by impedance discontinuities placed between the model sec- 
tions (Fig. 1). 

The question is: how many model sections, each with a 
crosscoupling point, are required to represent this coupling 
accurately? A large number of sections, say two per grating 
period, would give a near-impossible computational task.' 

Studies have shown that a very small number of cross- 
coupling points can mimic the wavelength response of a DFB 

A'(n1 A'(n+l)  A'(n-1) A ' ( n - 2 )  - - - -  
- I - , -  

k - A L  

Fig. 1 Three scattering matrices joined by transmission lines 
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laser grating over a limited bandwidth. The condition was 
that the coupling per unit length K must be the same as for the 
real device; i.e. the coupling per section must be increased to  
compensate for a small number of sections. 

Two different matrices are required to  represent the coup- 
ling: one for a high-low impedance transition (section n to  
section n + 1, where n is an odd integer); and one for a low- 
high impedance transition (section n + 1 to section n + 2). 
These can be derived by assuming that the admittances of the 
lines are modulated by *AY from their mean admittance Y .  
For small modulations, A Y  can be related to the coupling per 
unit length K usingI4 

AY/Y = KAL (1) 

where AL is the mean length of the model sections and equal 
to half the model's grating period A. This ensures that stop- 
band lies at the centre of the modelled bandwidth. 

The matrix describing the low-high impedance transition 
and the transmission lines connecting the main scattering 
matrices, was derived from standard transmission-line equa- 
tions, giving 

*+ I[w 1 = [KAL 

For a high-low impedance transition the matrix becomes 

A(n + 1) 1 + KAL -KAL A(n) ' 
1 - KAL] ,[B(n + 1 d  (2) 

A(n + 2) 1 - KAL KAL A ( n +  1) 

k +  [ B ( n  + l)]i = [ -KAL 1 + KAL] *[B(n + 2J (3) 

where k is the iteration number and i denotes incident pulses 
to  the main scattering matrices S,, and r denotes reflected 
pulses from the main scattering matrices. Note that there is a 
one iteration time-step delay as the optical field samples move 
along the lines. 

For a standard DFB device,' eqns. 2 and 3 are applied 
alternately along the device length, i.e. n = (1, 3, 5, 7 . . .). For 
quarter-wave-shifted grating devices: a zero-reflection inter- 
face (identify matrix) is inserted half-way along the cavity. 

Results: The dynamic and spectral properties of standard and 
quarter-wave-shifted 1550 nm DFBs have been compared. The 
device parameters were taken from References 1 and 15. The 
devices were subject to an injection current step to 100mA, 
resulting in a transient overshoot. 98 model sections were used 
and KL was 3.2. 

time, ps 1566121 
Fig. 2 Transient responses and average carrier concentrations of 
unshifted (solid) and quarter-wave-shifted (broken) D F B  lasers 

Fig. 2 shows the power transients of the two devices. Note 
that the shifted device had a shorter turn-on delay, a greater 
damping of the transient and a higher relaxation oscillation 
frequency. The threshold carrier density was also lower in the 
shifted device, as expected? The steady-state output powers 
were similar, indicating near-equal quantum efficiencies. 

Fourier transforms revealed the devices' spectra (Fig. 3). 
The unshifted device had two modes separated by 3.9nm, as 
previously observed.' The mode powers were random because 
of spontaneous emission. The sidelobes correspond to  the 
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lOGHz resonance of the output powers. The shifted device 
had a single mode at the centre of the stopband. Making the 
gain peak wavelength carrier dependent would show non- 
random mode partition effects.’ 

1 2 ,  1 

14 THOMPSON, G. H. E.: ‘Physics of semiconductor laser devices’ (Wiley, 
NY, 1980), Chap. 8 

15 WESTERBROOK, L. D.: ‘Measurements of dg/dN and dn/dN and their 
dependence on photon energy in 1 . 5 ~  InGaAsP laser diodes’, 
IEE Proc. J ,  Optoelectron., 1986,133, pp. 135-142 

2 0 8  1 1  

0 6  I 

f requency, THz 

Fig. 3 Spectra of two lasers during first 230 ps 

Conclusions:  A simple modification to the TLLM allowed the 
dynamics of DFB lasers to  be studied. The model could be 
easily extended to DBR structures, DFB amplifiers and DFBs 
with external feedhack. Future work will concentrate on 
including laser chirp effects,” allowing the study of frequency- 
modulatable multisection devices. 
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MULTICHANNEL Ku- BAN D OSCl LLATOR 
WITH DIELECTRIC RESONATORS 

~ 
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Indexing terms: Microwave devices and components, Micro- 
wave oscillators, Dielectrics, Resonators 

The theory, design and realisation of a multichannel 
Ku-band oscillator with eight dielectric resonators (DRs) are 
described. Selection of a single DR is achieved by pm diodes. 
The oscillator stability, phase noise and signal level are com- 
parable with available high-quality DROs. Stability is better 
than 3ppm/”C, phase noise is 85-90dBc/Hz at IOkHz, and 
the signal level is lCl8dBm. The device is compact, simple 
and cheap. 

Introduct ion:  For fixed-frequency signal generation it is nor- 
mal to use oscillators with dielectric resonators (DROs), for 
their simplicity, small dimensions and weight, low power con- 
sumption and low price. However, for systems with many 
radio channels as well as for devices with frequency-hopping, 
it is necessary to  use more DROs with multiplex switches to  
achieve channel selection. This is achieved using a multi- 
channel DRO which consists of an amplifier, n DRs and n pin 
diodes. 

Theory: The multichannel DRO block diagram is shown in 
Fig. 1. One of the eight DRs is activated by the corresponding 
pin diode switch within the amplifier feedback circuit. The pin 
diode polarisation is provided by chokes. The phase of the 
signal in each feedback line is approximately the same, to 
provide constant working conditions for the amplifier. It must 
be ensured that the inactive lines do not influence the line 
which forms the feedback loop. 

out 
I 

Fig. 1 Block diagram ofmultichannel DRO with eight DRs 

In the analysis of the oscillating conditions, the DR was 
described by an equivalent circuit, shown in Fig. 2. The 
S-parameters of the equivalent circuit were calculated using 
Reference 1. The touchstone program was used for the design 
of the feedback circuit. 

In the example presented here, a frequency range from 14 to 
14.5 GHz is covered using eight DRs and eight pin diodes. 

1 - +  
b 

Fig. 2 Multichannel DRO simulated with equivalent circuii 


