Summary: We have studied the transient effects in a Raman
amplifier due to input power fluctuations. We observed a signal
power transient lasting for 50ps. Such transients will impact the
performance of optical telecommunication systems using Raman
amplifiers. We have proposed a model that resulted in an accurate
description of transient effects in a Raman amplifier. Our model,
in general, can be applied to other transient studies in Raman
amplifiers.
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All-digital window discriminator for photon
counting pixel detectors

B. Oelmann, M. Abdalla and M. O’Nils

An all-digital window discriminator is presented. It is event-driven
and does not rely on any external or internal timing references. In
addition, it provides an area-efficient implementation of photon
counting pixel detectors. The transistor-level implementation of
the circuit is presented with its circuit area and timing
performance.

Introduction: One problem that must be handled by window dis-
criminators is related to timing problems that occur in the decision
process. This decision is based on the logic output values from
independent integral discriminators that may have unknown dura-
tion and time walk. A window discriminator by Lauch [1] condi-
tionally generates clock pulses to one single counter. Here, the
circuit complexity is high and it relies on an internally generated
timing reference that must be adjusted for safe operation. The
window discriminator for photon counting pixel detectors, pre-
sented by Fischer [2], greatly simplifies this problem by using two
counters, one for each integral discriminator. The counter values
are read out and the actual window discrimination is made by
post-processing in software. High spatial resolution of pixel arrays
puts hard constraints on the circuit area. Area-efficient solutions
for both analogue and digital circuits are needed. In addition, the
mix of analogue and digital circuits on a small area will make the
analogue part subjected to digital noise. The deficiencies of Fish-
ers’ [2] solution are doubled circuit area for the counters and
increased read-out time. The two counters also generate problems
with digital noise in the analogue part.
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In this Letter, we propose an all-digital window discriminator
(ADWD) for photon counting pixels that reacts upon the events
generated by the integral discriminators and conditionally gener-
ates a clock pulse for input pulses with energy levels within the
defined window. This circuit relies only on the sequence of events
of the mput signals, which makes it insensitive to timing varia-
tions. Furthermore, it only requires one counter in each pixel.
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Fig. 1 Simplified block diagram of photon counting pixel
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Fig. 2 Timing diagram of detector voltage pulses, discriminator output
signals und generated clock pulses

Fig. 3 Derived STG from sequence of signals given in Fig. 2

Event detection method: The output of the detector is analogue
pulses the amplitudes of which are related to the level of energy
deposited by the particles in the detector. From Fig. 1 it can be
seen that these pulses are fed to two integral discriminators with
different thresholds (41 and th2) that define the energy window
for the pulses that shall be counted. Based on the digital signals
LT (lower threshold) and UT (upper threshold) from the integral
discriminators, a clock pulse (C) is conditionally generated and fed
to the counter. Dependent on the amplitude of the pulse (V), three
different sequences on the signals LT and UT are possible. In
Fig. 2 the amplitude of the first pulse exceeds #42 and is therefore
outside the window and no clock pulse is generated. The peak
amplitude of the second pulse is inside the window and a clock
pulse is generated. The third sequence, not shown in the diagram,
is the result of an incorrect behaviour of a pulse crossing 42 more
than twice without crossing #/1. To have a fault-tolerant circuit,
this sequence must also be taken into account. The input/output
behaviour of ADWD is derived from these three possible
sequences of events on LT, UT and C. This behaviour is described
in the signal transition graph (STG) given in Fig. 3. The ADWD
is implemented as an asynchronous finite-state machine working
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under the fundamental mode assumption [3] and is synthesised
from the STG, shown in Fig. 3, using procedures described in [3].
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Fig. 4 Transistor schematic diagram for ADWD
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Circuit implementation: The ADWD has been designed as a full-
custom module. The transistor level implementation is given in
Fig. 4. It consists of 22 transistors and minimum sized transistors
are used for smallest possible circuit area. The circuit area is
650um? in a 0.6um CMOS process from Austrian Mikro Systeme.

The minimum size of the discriminator window (#h2 — thi) is
determined by the rise and fall times between the lower and upper
window voltage levels and the smallest time separation of the
events on LT and UT that the ADWD can resolve. This minimum
resolution time, i.e. max(?| sy £3.40um)s 1S 100ps under typical
operating conditions at 25°C and 5V power supply voltage. The
shortest time between two consecutive pulses that can be detected
by the ADWD is 600ps (¢45).

Considering that the proposed discriminator eliminates one
counter, the area reduction in the digital part of the I8 bit photon
counting pixel is 40%.
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Broadband semiconductor saturable
absorber mirror at 1.55um using Burstein-
Moss shifted Ga, 4;In; 53As/InP distributed
Bragg reflector

N. Xiang, O. Okhotnikov, A. Vainionpdd, M. Guina
and M. Pessa

The authors report on the first broadband semiconductor
saturable absorber mirror (SESAM) that consists of a Burstein-
Moss blue-shifted Gag 4710y 53As/InP distributed Bragg reflector
operating at the wavelengths centred around 1.55um. This device
is applied to the passive modelocking of an erbium-doped fibre
laser.

Introduction: Semiconductor saturable absorber mirrors (SESAMs)
are used to passively modelock fibre lasers and solid-state lasers.
The SESAM is made of a thin, narrow-bandgap absorption region
sandwiched in between a wide-bandgap cap layer and a spacer
layer on top of a high-reflectivity (R) distributed Bragg reflector
(DBR). The DBRs at long wavelengths, A = 1.3 to [.55um, are
not as good mirrors as GaAs/AlAs-based DBRs at shorter wave-
lengths (0.8 to 1.0um). In the 1.55um region, DBRs of InGaAsP/
InP [1 — 3], AlAsSb/InGaAs(P) [4], (ADGaAsSb/AlAsSb [3, 5],
(ADGaSb/AlSDH [6], and InAlGaAs/InAlAs [3, 7] have been made,
but each of them has problems either related to difficulties in
growing the layers or to a small refractive index contrast (An). For
example, the An of an Ing ;5Gag 15A8 73Py »7/InP DBR is only 0.27,
which means that a Jarge number of pairs of A/4n (1 is the refrac-
tive index) layers (e.g. 40 pairs) are needed for the SESAM [1].

The ternary alloy Gay47Ing 53As, lattice-matched to InP, would
provide a greater An (= 0.43) in contrast to InP, but because it is
a narrow bandgap semiconductor (£, = 0.75eV), it absorbs light
at 1.55um. However, we have shown that the absorption problem
can be solved [8] by heavily doping Gay 4;1n, 5;As with silicon. The
doping causes the effective optical bandgap to increase just above
the absorption limit, due to the Burstein-Moss shift.

In this Letter, we demonstrate the first monolithic SESAM
equipped with a Burstein-Moss shifted Gag 4,109 53As/InP 1.55um
DBR. We show a rather simple technological approach to mode-
locking an erbium-doped fibre laser for generating self-started

sub-picosecond pulses.
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Fig. 1 Structure of monolithic semiconductor saturable absorber mirror
(SESAM )

Material growth: The SESAM was grown by all-solid-source
molecular beam epitaxy (SSMBE) on an S-doped n-type InP (100)
substrate. SSMBE is a viable alternative to the more conventional
metal-organic chemical vapour deposition (MOCVD) process for
growing state-of-the-art phosphide structures for optical telecom-
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