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1. ABSTRACT

Theoretical and experimental results of
the frequency response of GaAIAs stripe-geome
try laser diodes directly modulated in the ml
crowave range are presented in this paper. Tw;
methods of improving the frequency response
flatness are described, the first using a pas
sive microstrip circuit and the second using ;
FET driving amplifier. Experimental results for
both techniques are presented and discussed.

2. INTRODUCTION

There are several applications using mi_
crowave analog or high speed digital modulation
of injection laser diodes. These include anten
na remoting, radar systems and connection b=
tween high speed computers. However,theoreticay
analysis shows that the intrinsic modulation
response of a laser diode behaves like a low
pass network, with a resonance (due to laser
“relaxation oscillations”) peak followed by an
attenuated -response (1) . The resonance peak
results from the interaction of the photons
with the injected carriers and is a function
of the laser diode geometry and its active re
gion material, as well as its DC bias current.—
For sinusoidal modulation, the effect of that
resonance is to increase modulation efficiency,
so that for frequencies in the vicinity of it,
greater optical power modulation can be achieved
for a given value of bias current modulation.
However, the noise performance is significantly
degraded in the vicinity of the resonance fre
quency(2,3). For pulse modulation, the effec;
of the resonance is to produce distortion of
short pulses and ringing on longer pulses (4) .

This can seriously degrade the performance of
a digital system by increasing the bit error
rate. By increasing the laser DC bias current
the resonance frequency is shifted to higher
values, but the resonance peak is enhanced (~
ventually it reduces again)(5) and also the la
ser diode junction temperature is increased, r~
ducing the laser diode lifetime. There is also
likely to be failure due to optical damage to
the emitting facets(3,4>5). Therefore, for
large bandwidth directly modulation, it is de.-
sirable to minimise the resonance effects, lm
proving the laser diode frequency respons;

flatness. This can be achieved by proper design
of the laser diode input microwave matching

circuit, as will be shown in this work.
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In this paper an exact small signal equiva
lent circuit model for the intrinsic laser died;
directly modulated in the microwave range is pr:
sented and then the laser microwave intrinsic fre
quency response (0.5 to 3GHz) is accurately pr;
dieted and measured. Also, using a computer opt~
mization program, a passive and an active (FEY
driving amplifier) laser diode input circuit are
designed to improve the frequency response
flatness over the desired bandwidth. Finally, ex
perimental results of the improved frequency r:
sponse are presented and discussed.

—

The laser diodes used were GaAIAs/GaAs (1 w
0,83 Vm) double-heterostructure stripe-geometry
Zn diffused, stripe width ~ 18 pm. Typical thresh
old currents of these lasers were closed to 95mA:
and the emitted optical power was about :2 mW and
4mW with bias current of 102mA and 108mA, respec
tively. The photodetector used was a silicon av~
lanche photodiode (APD) (type BPW 28 from

—

Telefunken) also mounted in a microstrip circuit
for wideband operation. The frequency response was
measured using a computer controlled microwave
network analyser (HP type 8410c).

3. PREDICTED AND MEASURED INTRINSIC FREQUENCY
RESPONSES

The small signal laser diode equivalent
circuit is obtained from the linearization of the
rate equations relating the injection current, the
number of carriers and the number of photons in
the active region of the injection laser operating
in single mode(4). When the small signal equiva
lent circuit is obtained, the intrinsic frequency
response can be predicted. That is compared with
the measured frequency response (Fig. 1). Here,the

frequency responses are normalized to the low fre
quency response, and the laser bias current is 10%
above threshold. The resonance frequency is a
round 1.5 GHz. The decay of the measured frequent-j
response for frequencies below resonance is attrib
uted to substrate resistance and package par~
sitic~6~7~ . The variation of the frequency re
sponse is typically of the order of 10d13 in th;

bandwidth interest (from 0.5 to 2GHZ).

4. IMPROVED FREQUENCY RESPONSES

The aim of the input compensation network

is to improve, as much as possible,the laser diode
frequency response flatness, over the bandwidth of
interest. Therefore, over that bandwidth,the input
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compensation network frequency response must be
tbe re~,erse of that measured for the laser diode
itself. This can be achieved using s i ably _

( Y9f.
de

signed passive 8) or active networks
A band elimination filter centered at the

laser resonant frequency and connected to the modu
lation input of the laser will reduce the mod;
lation current at that frequency. Then the lase;
resonant peak will be minimized. In other words,
a light response with the effects of the relaxa
tion oscillation significantly reduced is obtaine~.
Several kinds of passive circuits can be thought

of, such as a series resonant circuit connected in
parallel with the laser diode or a parallel reso

nant circuit connected in series with the lase;

diode. Because it is easier to implement in micro

strip, a quarter-wave long parallel open stub —was

chosen. A 12 ohms damping chip resistance connects

the stub to the 50 ohm microstrip laser input line.

The value of the chip resistance was calculated in

order to get a similar Q for the open stub as that

measured for the laser resonance. The structure is

represented schematically in Fig. 2, and in Fig. 3
its equivalent circuit is shown.

In Fig.4, a comparison of the measured
normalized frequency responses of the laser diode

with and without the suppressor circuit is shown.

Again, the laser bias current is 10% above
threshold and the resonance frequency is around

1.5 GHz. It can be seen that a reduction of around
6 dB in the resonance peak is achieved using that

suppressor circuit. Also, overshoot effects (U2
der fast pulse modulation) are Significantly rs

duced.

The active compensation network used a FET

driving amplifier. In that, the FET input and ou~
put matching circuits are calculated to give a

reduced gain in the vicinity of the laser reso

nance peak and the gain is increasing (up to a gi~

en frequency) for frequencies above it. Therefore;

the response in the vicinity of laser resonance is

reduced and the 3dB modulation bandwidth is ex

tended. The reduction of the resonance peak an~

the enlargement that can be achieved in the modu

lation bandwidth depend on the behavior of the FE~

S parameters in the frequency range of interest,

as related to the intrinsic laser frequency re

sponse.

The FET used in the driving amplifier was a

GaAs MESFET from Dexcel (type DXL A-P70). Its S
parameters have been measured from 0.5 to 8 GHz

and using a computer optimization program (least
squares method) its input and output matching cir

cuits were designed to give the desired frequency
response in one octave bandwidth centered at 1.5

GHz . In Fig. 5, a comparison of the laser diode
normalized frequency response with and without the

FET driving amplifier is shown.

It is seen that an extension of the 3 dB
modulation bandwidth up to around 2 GHz and an
improvement of around 7 dB in the frequency re
sponse flatness are achieved. These results Coulz
also be improved by using FETs with more c onven
ient S parameters, which is presently being ca;
ried out as a continuation of this work. Dependin~
on the application, the active or the passive net
work can be preferred.

—

5. CONCLUSIONS

The major results of this work were: 1) the
exact modelling of the laser diode equivalent cir

cuit; 2) the prediction and measurement of the 1=

ser diode frequency response in the microwave —

range; 3) the design and measurement of an active

and a passive microstrip circuits to improve the

laser diode frequency response flatness. Thes e

results may be useful to improve the performance

of GHz/Gbit optical transmission systems.
In a future paper, the effects of the c om

pensation circuits in the pulse responses will b=

shown .
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Fig. 1 - Predicted and measured normalized frequency responses of
the laser diode.
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Fig.3 – Equivalent circuit for the

structure of Fig. 2.
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Fig.5 - Measured normalized frequency responses with and without the
FET driving amplifier.
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