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Abstract: The future Cherenkov Telescope Array (CTA) will consist of several tens of telescopes of different mirror
areas. CTA will provide next generation sensitivity to very high energy photons over a wide energy range from few tens
of GeV to >100 TeV.
The signals of the photon detectors in the focal plane will be read out with custom-designed, fast digitization and trigger-
ing electronics. Within CTA, several camera electronics options are being evaluated. The FlashCam approach is unique
here since data processing inside the camera is fully digital. Signal digitization and trigger processing are jointly per-
formed in one single readout chain per detector pixel. For a group of pixels, such a chain consists of Flash ADCs and
a Field-Programmable Gate Array (FPGA) module, both commercially available and reasonably priced. A camera-wide
event trigger is subsequently computed in separate trigger units. The camera data is transferred from the cameras over
ethernet to a central computer farm using a custom network protocol. Such a fully digital approach using state-of-the-art
components provides accurate triggering and an easily scalable architecture in a cost-effective way.
The FlashCam team is also evaluating the concept of a horizontal camera integration. Here, the photon detector plane
is sustained by a monolithic carrier holding photon detectors, high voltage supplies, and preamplifiers only. The signal
digitization and triggering electronics are organized in boards and crates which are kept at the rear side of the camera
body. Such an approach allows different photon detectors to be adopted and might result in cost saving.
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1 The FlashCam camera architecture

FlashCam is a simple and straightforward concept of an
electronics system for use in CTA cameras. It is based
purely on commercially available microchips, in essence
FADCs for signal digitization and FPGAs for further sig-
nal and trigger processing. The key point of the concept is
to perform all pixel signal processing purely with digitized
information. In particular, the trigger decision is computed
in the camera solely from the digitized signal, a separate
trigger signal path can therefore be saved. Such a trigger
system is fully programmable and therefore highly flexi-
ble.

For such a camera, low power (<0.5W/channel), 12-bit
FADCs are currently only available with sampling speeds
of up to ⇠250MS/s. But extensive simulations, includ-
ing realistic time jitter between pixels and night sky back-
ground conditions, have shown that the trigger perfor-
mance of such a system applying digital trigger options
is fully competitive with higher (e.g. 2 GS/s) sampling
speed systems. Moreover, the data rate of such a system
(⇠600MB/s) allows the full pixel event information to be
transmitted over standard gigabit ethernet infrastructure,
including commercial switches, without data reduction.
Another unique feature of the FlashCam approach is the
spatial separation of the photon detector plane (PDP) at
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Figure 1: Schematics of the FlashCam camera architecture

the camera front from the signal digitization electronics
(FADC boards) which is kept at the rear side of the cam-
era body. Inbetween, the preamplified, analogue pixel sig-
nals are transmitted over standard CAT5 cables. Such a
layout can easily be adapted to different photon detectors
and pitches, be it standard photomultiplier tubes (PMTs)
or, e.g., Silicon PMT (SiPM). It also reduces the weight at
the focal plane compared to drawer-based approaches. Ul-
timately, such “horizontal” integration could reduce cam-
era costs.
Fig. 1 illustrates the global FlashCam camera layout.

2 Mechanical design of the photon detector
plane

The current mechanical concept is based on PMTs as pho-
ton detectors and foresees modules of 12 pixels (see Fig. 2
left panel). Each module contains PMTs, pre-amplifiers,
and high voltage (HV) supplies, and weighs about 1.2 kg.
Two of such modules can be served by one FADC electron-
ics board. Current drawings and numbers are for a 1764
pixel camera. The entire PDP structure weighs 81 kg, with
a maximum sagging of 0.68 mm (180kg load including
electronics, camera at 90�). Such a PDP can be passively
cooled. Fig. 2 shows corresponding PDP drawings and a
36 pixel mechanical prototype.

3 Non-linear preamplifiers at the photon de-
tector plane

To achieve the currently anticipated dynamic range of up to
3000 photoelectrons (pe) per pixel, the FlashCam concept
foresees the use of preamplifiers with non-linear gain char-
acteristics, instead of splitting the signal into two separate

(a) Non-linear (“saturation”) circuit.









(b) Signal from one event as measured with a FlashCam
demo board, sketching the signal reconstruction in the low pe
regime.

Figure 3: Illustration of the non-linear preamplifier.

digitization channels with different (low and high) gain.
This allows cost to be reduced (the low gain channel can
be saved), and permits full flexibility should future simula-
tions result in a reduced dynamic range requirement.
The baselign design is to run an operational amplifier with
a high input resistor (1-2 k⌦ instead of 50⌦, see Fig. 3a).
High amplitude signals (& 200 pe) will saturate the ampli-
fier, but the input signal can be restored since the output
signal broadens with a defined recovery time. The analy-
sis of the digitized signal (performed at the FPGA directly
after the FADC) will therefore run in two regimes: Below
200 pe, the full time-resolved signal can be stored (with
a window of ⇠60 ns), and digital filtering performed at
the FPGA allows the signal amplitude to be directly com-
puted (Fig. 3b). Above 200 pe, the signal is reconstructed
from an integration over 200 ns. The available bandwidth
is sufficient to transmit signals from both regimes for all
pixels simultaneously, allowing e.g. for cross-calibration in
the transition regime.
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Figure 2: Left: drawing of a 12 pixel module. Middle: drawing of the entire 1764 pixel structure. Right: picture of a 36
pixel prototype. Arrows indicate the direction of the incoming light.
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Figure 5: Schematics of the trigger and data processing unit
on the Spartan 3/6 FPGA as used on the “parallel” demon-
strator board shown in Fig. 4, indicating how the limited
performance of that FPGA type can be optimally exploited
using e.g. different clock speeds in separate chip domains.

4 Two electronics boards to demonstrate the
performance and evaluate FPGA options

The electronics boards holding FADCs for signal digitiza-
tion and FPGAs for further signal and pixel (patch) trigger
processing come in large quantities (75 boards serving 24
pixel each, for a 1764 pixel camera). They are therefore
pronounced in the overall cost estimate and need to be de-
signed as cost-efficient as possible.
The FlashCam group has extensively evaluated two design
options with dedicated demonstrator boards. One option
is based on a Spartan 3/6 FPGA, connected with paral-
lel data lines to the FADC chips (see Figs. 4 and 5). The
second option employs a Virtex 6 FPGA, connected se-
rially to the FADCs (Fig. 6). This second option is more
pin-economical, but current FPGA price estimates strongly
favour the first option. The planning towards a camera-
scale prototype is therefore based on a design around a
Spartan 6 FPGA.

Figure 6: “Serial board”: Fully functional demonstrator
board for 16 channels, using a Virtex 6 FPGA.

5 Triggering: From pixels and pixel patches
to a camera-wide event trigger decision

In the FlashCam design, the event trigger is derived from
the digitized pixel signals processed in FPGAs. Various
trigger algorithms (see e.g. Fig. 7) can therefore be ex-
ploited and improved even during run-time of the experi-
ment. Such algorithms are only limited by the FPGA pro-
cessing power and memory capacity, and by the trigger
signal bandwidth between FADC electronics boards and a
central camera trigger unit. Simulations show that a pre-
grouping of pixel trigger into pixel “patch” information can
be used to reduce bandwidth requirements (number of pins)
without significant loss of sensitivity. A patch size of three
pixels (see Fig. 8) provides excellent spatial trigger homo-
geneity and sensitivity combined with high versatility and
is therefore used for the planning of a camera-scale Flash-
Cam prototype.
Pin count and processing power limitations of currently
available high-end FPGAs do not permit collection of the
trigger information from all electronics boards into one sin-
gle camera trigger unit. The camera is therefore logically
separated into three sectors (see Fig. 9).
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Figure 4: Test setup for the “parallel board”, one of the two FlashCam demonstrator boards. 1: PMT pulse generator. 2:
Preamplifier board. 3: Analogue signal transmission (CAT5). 4: ADC driver board. 5: Analogue pulse before ADC. 6:
Demo board with 8 parallel FADCs and FPGA. 7: Event transmission via LAN. 8: Digitized pulse (4 ns / step).
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Figure 7: Simulations of the single telescope trigger effi-
ciency to �-ray events for two different trigger algorithms.
For a fair comparison, thresholds are adapted both times to
result in an accidental trigger rate (from night sky noise) of
500 Hz. Therefore, a more sophisticated triggering scheme
(clipping to suppress PMT afterpulse noise, patch sum-
mation before trigger signal transmission) effectively in-
creases the �-ray trigger efficiency, compared to a simple
pixel majority trigger.

Figure 8: In the central trigger units, patches of three pixels
(top left) are combined in sliding windows to derive a final
trigger decison (e.g. sum of 3, 7, 19 patches as shown).

6 Further extensive component testing

In summary, all critical components required to construct a
FlashCam camera have been evaluated and tested. In addi-

Figure 9: Logical grouping of the FADC boards in a full-
scale camera. Bandwidth is provided (purple arrows) for a
fully seamless trigger across sector boundaries with trigger
areas of up to 19 patches (largest area in Fig. 8). The total
data traffic to the trigger cards is 12*140Gb/s = 1.68Tb/s.

tion to the components discussed in the previous sections,
these comprise: (1) a 10 MHz heat-stabilized oscillator
synchronized by a GPS receiver for inter-telescope event
synchronisation, providing timing accuracy of better than
10 ns (max. error); (2) the infrastructure for raw ethernet
data transmission from the camera to a processor farm, the
tests of which resulted in sustained loss-free data transfer of
700MB/s; (3) the use of CAT 5/6 cables for analogue signal
transmission between preamplifier and FADC boards, with
tests that also included the influence of RJ 45 sockets; (4)
cabling for digital trigger signal transmission, tested e.g.
through extensive monitoring of bit error rates.
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