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The ripple-curry amplifier in photonic applications
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Abstract—This paper discusses the new design of a amplifier for the
miniature MEMS-type spectrometer. The application problem of the
new amplifier was the correct conditioning of the sensor's photoelectric
pulses. The processed signal was a sequence of pulses that had variable
both frequency and amplitude value. Thus, such a broadband amplifier
should have the functionality of automatic gain control. This paper
describes the concept of the new circuit, develops its detailed
application, and then performs validation tests. Measurement results of
the new circuit are discussed in the final section of the paper.

Optical radiation measurements have specific features in
comparison with general metrology. The main
distinguishing feature is the large range of input signal
variation. Therefore, the photo-detector signal (Fig. 1)
must be amplified by an adjustable gain amplifier [1-3].
This is necessary because the input signal of the analog-
to-digital converter should have a sufficiently large value.
The signal processing path, shown in Fig. 1, is often used
to measure basic light parameters. Due to measurement
quality, the most important component of this chain is the
variable photodetector-amplifier.

p FPGA
Analog-to-digital || T

Variable e Microcontroller

photodetector-amplifier

Fig. 1. A typical light measurement path.

Nowadays, precision amplifiers for photoelectric signals
are available, some of which include an internal
photodetector too [4]. These single-channel amplifiers
(Fig. 2), by changing their measurement ranges, can
handle optical signals that change their values over a very
wide range. However, despite the advanced technology,
such amplifiers have one major disadvantage, the
dependence of the amplifier's frequency bandwidth on the

Fig. 2. View of the commercial photodetector with variable gain [4].
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gain value. This relationship is shown in Table 1. It shows
that for the gain value of 10* V/W, the discussed amplifier
can handle input signals in frequencies up to 500 kHz
without distortion. On the other hand, if the gain is as
high as 108 V/W, the highest frequency of the input signal
should be 7 kHz. A high-quality amplifier should hold the
same frequency bandwidth for all gain values.

Tab. 1. Selected parameters of the variable gain photoreceiver [4].
Conversion Gain [V/W] 10° | 10% | 10° | 10° | 107 | 108 | 10°

Bandwidth (3 dB) [kHz] | 500 | 500 [ 400 | 200 | 50 | 7 | 1.1

Rise Time (10% 90%) [us] | 0.7 | 0.7 | 0.9 | 1.8 [ 7.0 | 50 | 300

Like frequency band stability, pulse rise time is the
important parameter in some applications. These two
parameters are correlated, with rise time being more
important for light sensors where the electrical output
signal is pulsed. Pulse modulation of the output signal is
necessary if one output signal transmits more information.
This occurs, for example, in integrated micro-
spectrometers. Such miniature MEMS spectrometer
solutions are becoming more common and the technology
is being further developed [5-11]. An example of this
category of radiation transducers can be the C12666MA
[12] chip, which selected time characteristics are shown
in Fig. 3. In this figure, the yellow waveform represents
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Fig. 3. View of measured data in MEMS spectrometer [12].
measurement data, while the blue and purple waveforms
are control signals. The yellow output signal is a
periodically repeating sequence of rectangular pulses.
Each pulse represents a different spectral measurement
interval about 10-nm-wide. These pulses cover the visible
measurement range from 340 to 780 nm wavelength, so
the girth of the yellow waveform corresponds to the
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measured spectral distribution of the source in the visible
range. The amplitude of a particular pulse corresponds to
the flux value in its spectral measurement interval.
Because the sensor can measure fluxes from a few pW to
single pW, it must cooperate with a tunable pulse
amplifier. Such an amplifier should guarantee the same
frequency bandwidth for all gain levels. This condition
cannot be met by the amplifier, which works according to
the same principle as the circuit shown in Fig. 2.
Therefore, a new amplifier solution was developed, which
is described in the next part of this paper.

The principle of the new solution (Fig. 4) is connecting
a multi-output cluster (ripple-curry) amplifier with a
multi-input analog-to-digital converter. The proposed
amplifier consists of M identical sections, for example,
with 4, with 8 or 16 component amplifiers. The output of
the previous section connects to the input of the next
section and at the same time puts the signal into one of
the converter's inputs. It is important to have similar
frequency characteristics in all sections. Also important is
the careful selection of gain values in each section.
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Fig. 4. Idea of the new measurement system.

Preferably if the gain of each section is a multiple of 2",
that is, 2, 4, 8 and so on. Which makes it easier to
backscale the converter's output signal, since dividing
digital data in an FPGA by 2, 4 or 8 involves discarding
the 1, 2 or 3 youngest bits.

This linking of circuit components allows to perform the
automatic gain control function in a digital way. This is
implemented by the FPGA chip, which periodically reads
the amplitudes of the pulses on the subsequent inputs of
the analogue-to-digital converter. And then selects the
signal from one of the inputs where this signal is the
largest, but it does not exceed the input range of the
converter. Because the FPGA knows the inputs of the
converter with the optimal signal, so it also knows how
many times the signal from the MEMS spectrometer was
amplified. Hence, to calculate the actual flux value (pulse
amplitude) in a given spectral interval, it is enough to
divide the digital data by the gain value, which can mean
a right shift of n bits. In the system described, gain control
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is carried out in a natural clean electronic way. There are
no mechanical switches or electronic keys that modify the
frequency characteristics of the system. An example of

the ripple-curry amplifier architecture that was
investigated in the work is shown in Fig. 5.
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Fig. 5. Schematic of the tested ripple-curry amplifier.

This is a simplified version of the circuit, which only
used to confirm the concept of a ripple-carry amplifier for
a MEMS sensor. The frequency bandwidth of the
individual sections is determined by the gain-bandwidth
product of the single operational amplifier [13]. The
incidental frequency bandwidth will be slightly narrower
than the frequency bands of operational amplifiers. The
analogue ground voltage in the circuit is equal to half the
supply voltage Vcc. This voltage is automatically
produced by the unit-gain input module Ul [14]. Each
amplifier section had its resistance values chosen to give a
gain of -2 V/V. Careful selection of resistance values is
important for the symmetry of the entire circuit.
Therefore, photoelectric pulses are amplified at the
outputs of successive stages twice, by four times, by eight
times, up to 256 times. If the single section gain was 4 in
the above circuit, then the gain of the whole path could be
more than 65000 times, or nearly 100 dB.

The particular sections of the described amplifier were
built in the simplest way, that is, in the inverting amplifier
circuit. Of course, such a circuit inverts the phase of the
amplified signal. However, this is not a critical
disadvantage, because the analog-to-digital converter can
measure both low and high levels of the photoelectric
pulse, and then the FPGA chip can calculate the pulse
amplitude. The usage of inverting amplifiers has the
added advantage of reducing the DC component
accumulation at the outputs by inverting the pulse phase.

The final section of the paper shows the measured
signal waveforms of the system for two different input
signal frequencies. In the first case (Fig. 6), the
photoelectric pulses were of low frequency, which was 5
kHz. In this case, the yellow input signal, whose
amplitude was about 100 mV, is amplified twice by the
first section of U2, which shows the blue signal at its
output. The blue signal is then amplified by the U3
section, producing a purple signal that is inverted in phase
and amplified another two times. This signal is amplified
by U4 and transformed into a green signal at its output.

© 2022 Photonics Society of Poland



doi: 10.4302/plp.v14i4.1187

PHOTONICS LETTERS OF POLAND, VOL. 14 (4), 86-88 (2022) 88

As confirmed by the included waveforms, the tested
circuit does not distort the amplified pulse signals, which
means that it can handle the MEMS spectrometer in this
frequency range.
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Fig. 6. Result 1: 5 kHz pulse amplification.

The tested circuit shows slightly less advantageous
characteristics at higher frequencies, as shown in Fig. 7.
Visible pulse distortion is a result of the frequency and
timing parameters of the operational amplifiers used in
the design. As can be seen in the figure, the amplitudes of
the pulses are still measurable, but oscillations have
appeared, and the slope of the pulses has decreased. The
first effect comes from the missing frequency
compensation in the amplification sections and from the
too low frequency bandwidth of the operational
amplifiers, since the used amplifiers have had the gain
bandwidth product about 10 MHz. In contrast, the pulse
slope depends on the slew rate parameter, which in the
tested amplifiers was only 7 V/ps.
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Fig. 7. Result 2: 50 kHz pulse amplification.

In summary, the aim of this paper was the presentation
of the original chain amplifier circuit for conditioning the
output signal from the optical MEMS sensor. Such an
amplifier should not degrade the measurement
performance of the whole system. Since the output signal
is the amplitude-modulated pulse sequence, their
amplifier should be wideband and containing the
automatic gain control mechanism. The developed system
and its measurements showed that such application may
not be very complicated. In addition, the method of
amplifying photoelectric pulses presented in the paper
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significantly simplifies data processing in a digital
system.
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