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Abstract

The paper presents verification of a peak detection method cooperating with infrared radiation detector
module applications. The work has been divided into parts including SPICE simulations and presentation
of results obtained with the constructed prototype. The design of the peak detector dedicated to applications
with very short pulses requires a different approach than that for standard solutions. It is mainly caused due
to the ratio of pulse width and time period. In the described application this ratio is less than 10%. The paper
shows testing of an analogue circuit which is capable to be inserted in these applications.
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1. Introduction

The signal peak detection is a very attractive tool to develop a new photo-receiver construc-
tion for some optoelectronic technologies. In these technologies, the photo-receiver parameters
such as detectability, bandwidth and responsivity are not so important as an operating feature.
There is a need to provide some extra functional features by implementation of additional units
that relate to well-defined work scenarios [1]. In these scenarios, the main issue in the design of
a photo-receiver is not extra capability, e.g. to reduce the impact of external signal noise like in
spectroscopy [2—4] or to monitor the radiation level. For Free Space Optics (FSO) the determina-
tion of light power recorded by the receiver and emitted by the transmitter is very important [5].
In the FSO receiver, the link range and some requirements for the signal conditioning unit, e.g.
for an automatic gain control unit and beam pointing stabilization are defined by the radiation
power [6-8]. For laser operation, optimization of the operating conditions ensuring low energy
consumption and better reliability is provided by monitoring of the light signal power. Currently,
there are no market suppliers of detection modules with a feature of direct monitoring of the
pulse power [9]. In practice, the power analysis is performed using these modules with additional
external measurement devices such as signal acquisition cards, oscilloscopes or spectrum analy-
sers. However, this solution could be not practical when the detection module is a component of
another device (e.g. FSO receiver) [10, 11].
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Currently, the determination of peak level of radiation pulses is provided by some advanced
signal processing circuits. It is possible to directly implement these circuits in detection modules
without significant changes in their complexity. During the design process, the main determinants
are some features of the analysed signal. These features are described by the dynamics of amplitude
changes, frequency, duration, and duty cycle. In principle, these circuits can be built basing on
analogue or digital technologies. The first one uses a peak detector designed for e.g. automatic
gain control systems. Creating ultra-fast waveform digitizers is possible due to the development
of digital technology and applying fast A/D converters and FPGAs or DSPs [12].

The paper presents some works related to the construction of a pulse monitoring unit for light
detection modules used in Free Space Optical (FSO) systems. Some selected electronic circuits
that can be used for this purpose are also discussed. The developed concept of this unit and
analyses of its operation are described. In the experimental part, the developed unit prototype and
the results of the preliminary tests are presented. The obtained results show that operation of the
designed FSO receiver with pulse power monitoring is possible.

2. Analysis of requirements for monitoring unit

In general, the analysis of requirements regarding the construction of a monitoring unit is
closely related to its operation conditions. This unit works in both transmission and detection
channels of the FSO system. A functional diagram of this system is shown in Fig. 1.
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Fig. 1. A functional diagram of the FSO system.

The designed unit contains two signal paths for simultaneous monitoring the output radiation
signal from the FSO transmitter and registering the signal amplitude by the FSO receiver. This
configuration enables to apply the light power control depending on both safety of operation and
a long data range for different atmospheric conditions [13, 14]. Additionally, information about
the receiver signal amplitude can be used to diagnose the operation of the laser link or to detect
potential attempts to disturb or to capture data.

An important issue affecting the construction concept of the designed unit are parameters
of the output signals from detection modules. For the designed FSO link, these parameters are
defined by the transmitter light modulation capabilities. The light signal is emitted by high-power
pulsed quantum cascade lasers developed at the Institute of Electron Technology. These lasers
enable operation with a pulse duration of about 10-20 ns and a frequency above 4 MHz. Basing
on these critical parameter values, a signal modulation method of PPM-5 has been implemented.
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In this way, a data rate of 10 Mb/s will be ensured taking into account possible additional
functionalities of the data link transmission (correction, online BER analyses, efc.).

3. Monitoring unit for detection modules used in FSO system

In the described FSO system the main problem of choosing a peak detection method is due
to a very short pulse width (within a 10 to 20 nanoseconds limit) and a position modulation
procedure. From a viewpoint of construction of the amplitude monitoring unit they cause an
important research issue.

Digital technology enables to read a pulse amplitude using an FPGA and A/D converters.
However, it is a costly and complicated solution from both hardware and software points of
view. The solution with FPGA described in [15] enables to detect only an excess of the adjusted
threshold voltage. For precise envelop detection of nanosecond pulses a very high sample rate
is required [16]. In applications with slower A/D converters an advanced additional circuit is
necessary to work as a fast trigger. Such a solution makes this unit even more expensive than the
detection module itself. Therefore, it was decided to try to develop an analogue circuit. In general,
commonly used electronics with opamps, rectifier diodes and capacitors are not so efficient for
pulses with a short duration and a variable duty factor. The simulations and lab tests of these
standard circuits (with opamps’ peak detector applications) showed that they significantly lower
the measured peak value of a monitored signal. This is mainly due to the reverse currents of the
semiconductor diodes used in popular peak detector applications. The design note [17] describes
the opportunities and limitations of analogue peak detector circuits with opamps presenting the
dependence of DC detector error on frequency and pulse width. The example shown in this note
confirms the limitations of applicability of this circuit to cooperate with nanosecond pulses. E.g.,
a circuit with LT1190 works with an error lower than 10% for pulses with a duty cycle width of
around 55 ns. A similar standard circuit was described in [18] working with microsecond pulses
and using a digital method to resolve the capacitor discharge problem associated with the diode
reverse current which was mentioned above. For these reasons, it was decided to use another
solution — a fast comparator with ECL outputs working as a capacitor charger.

4. Operation analysis of monitoring unit

The monitoring unit of the detection module was built based on the circuit described by
Krehlik and Sliwczynski [19].

Ys ouT
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Fig. 2. A peak detector circuit for monitoring the pulse power.
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To determine its initial capabilities the circuit operation was analysed by SPICE software
(Multisim, National Instruments). The simulation model was built of a comparator with ECL out-
puts (MAX9600 model) [20]. This comparator is characterized by a very short signal propagation
time of 500 ps [21]. The circuit with C;R, determines the response time, while the configuration
with U, operational amplifier provides shifting the voltage level from the comparator to one of
ECL outputs. The first step of simulation cycle was testing the ability to detect ns-pulses with
a duty cycle less than 1%. Basing on the simulations results, there had been defined a practical
compromise in detection of laser pulses. It consisted in selecting a time constant of R,C, (C;
equal to Cy) circuit. The circuit performance was checked for different time constants resulting
from changes in C; value (Ry: 1 kQ; and C,: 220 nF, 330 nF, 470 nF). Basing on the carried
out simulation it was observed that the time constant affects not only the response time of the
circuit, but also the level of signal fluctuations (Fig. 3). Moreover, a low value of Rg can cause
a significantly overloaded output signal (straight curve).
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Fig. 3. Simulation responses of the peak detector for C, capacities of 220 nF (B), 330 nF (C),
470 nF (D). “A” curve was obtained with C, = 220 nF and a low value of Rg = 1 k.

The influence of the signal to noise power ratio on the circuit operation was also determined
during simulations. For a better illustration, the simulations were carried out for a 4 kHz pulse
signal with a duration of 50 us and amplitude of 500 mV. Johnson’s noise with rms voltage
of 46.7 mV generated in a bandwidth of 1 MHz was added to the monitored pulse signal. The
accurate noise rms value was calculated based on the noise received from the amplified build-in
SPICE noise source. The influence of R,C, value on the circuit time constant was also determined.
Fig. 4 shows some results obtained for various values of C;, (and equally C;) capacitors.

Based on the results, the unit noise factor was analysed. This factor is defined as — a ratio
of the SNR (signal-to-noise ratio) value at the unit input (SNR;) and the SNR value at the unit
output (SNR,) (1), (2):

R.
F = SNR; ) (D)

SNR,,

It can be rewritten as: SN
_ SN .

So/No

The calculation also includes the noise resulting from the limitation of the monitoring unit.
Some output signal fluctuations at the steady state are caused by this limitation which also depends
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Fig. 4. Response signals of the monitoring unit for: a) a noiseless reference signal and C, = 2 uF; b) a noisy

signal for C, = 470 nF; ¢) a noisy signal for C, = 1 uF; d) a noisy signal for C; = 2 uF.

on R,C, value. The observed increase in the noise figure with the increase in C,(C; equal to
C,) capacity results directly from a decrease in the noise bandwidth. Theoretically, a high value
of capacity improves the SNR ratio, but in practice it also increases the response time of the
monitoring unit. Fig. 5 presents some characteristics of the response time and standard deviation
of output voltage (StD) versus C; and C, capacities [22].
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Fig. 5. The influence of the C;, C; capacities on standard deviation of the output voltage
and the response time of the peak monitoring unit.
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5. Preliminary tests of monitoring unit with FSO detection module

The monitoring unit was made in the form of a two-sided PCB circuit with 50 Q impedance
matching to the detection module, AIP-10k-200M model produced by VIGO System S.A. (Fig. 6).
During tests it was connected directly to the AC coupled output of the detection module.

Fig. 6. A photo of the detection module with the developed monitoring unit.

Figure 7 presents the lab setup the obtained detecting device (the detection module with the
peak detector unit) was tested in. The laser pulses with a wavelength of 9.3 um, frequency of
4 MHz, duration of 16 ns and 400 mW peak power were used. The output signals from the
detection module and the developed monitoring unit were recorded using a DSA 70404 analyser.
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Fig. 7. A block diagram of the measurement setup.

A light pulse registered with the Vigo System detection module and an output signal of the
peak detection unit are presented in Fig. 8. The levels of both signals are basically comparable,
and the differences are less than 5%.

Using the same setup, the operation characteristics of the monitoring unit were determined
(Fig. 9a). There is a linear dependence between the amplitude of input pulses and the output
signal level with adjusted R-squared value of 0.9996. The determined linear coefficient is 1.04
and the estimated processing error of the monitoring unit is at a level of approx. 4%. The obtained
results have been used to determine the control characteristics of a quantum cascade laser. Basing
on AIP detection module responsivity, the configuration of the measurement setup (light path,
beam divergence) and the output signal from the monitoring unit, the dependence of the optical
pulse power on the laser driving voltage was established (Fig. 9b). The results were compared
with the reference ones obtained using an optical power meter SOLO 2. The difference of results
was below 5%.
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Fig. 8. A pulse shape registered with the detection module and an output signal from the monitoring unit.
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Fig. 9. Processing characteristics of the monitoring unit (a) and control characteristics of QCL laser (b).

6. Conclusions

The results of performed analyses and tests were used in constructing a pulse peak detector
unit. This unit is characterized by a linear processing function and an integrated construction.
In comparison with the commonly used peak detectors, the impact of low duty-cycle pulses
(especially short pulses) on a decrease of its output signal is minimized. These features are
very important to design optical detection modules with unique functionalities. In that way,
a direct power control of optical radiation is provided. Additionally, a simple change of the
unit configuration (changes of C, and C; capacitor values) can be used to increase SNR value.
However, a compromise in the response time of the unit should be analysed. In the future, the
monitoring unit could be directly implemented in the detection module to create a fully-integrated
construction.
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