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The First G-APD Cherenkov Telescope FACT is a project to destrate operation of Geiger-

mode avalanche photo diodes for ground based Cherenkamnasty in a full-scale camera.

Currently in its commissioning phase, the camera will beduse gaining practical experience
with operation of the novel light sensors in the environnoéatCherenkov telescope and for long-
term monitoring of variable Gamma-ray sources. The ana@aggaamplifier and the digitization

electronics of FACT are described in this contribution.
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1. FACT

The First G-APD Cherenkov Telescope (FACT) is a project gisBeiger-mode avalanche
photo diodes (G-APD) for ground based Cherenkov astronong full-scale camera [1]. The
first objective of FACT is demonstrating that these novéhtligensors are a viable alternative to
photomultiplier tubes. The second objective is to use thestepe for long-term monitoring of
variable Gamma-ray sources.

FACT uses the refurbished former HEGRA CT3 telescope on m#¢9.2 nt mirror). The
camera has 1440 pixels, 4.5° field-of-view (0.11° per pixatd will operate also under twilight or
moon conditions (background rate up to 5 GHz per pixel). Tévegy consumption is about 600 W,
the weight 140kg. The sensor gain will be stabilized to 5%gisi feedback loop operating on
light pulses emitted by an LED-based pulser. Solid PMMA igbncentrators are used to extend
the sensitive area of the G-APD by taking advantage of thimumiacceptance of G-APDs up to
high inclination angles.

The camera has been installed on the telescope in Octobgr®dls currently commissioned.

2. Front-end electronics design

Each pixel corresponds to a read-out channel, thus in td&0 thannels. For triggering, an
analogue sum of 9 channels is used, which is discriminateldtfzen fed into a majority logic.
All digitization and triggering electronics has been imtdgd into the camera, data transfer to the
counting room is over Ethernet fibers.

The electronics is arranged in 4 custom-designed, watdedawates, with each one holding
ten electronic board pairs. All fast digital signals, liker example the trigger and the read-out
clocks, are transported over commercial Category 6 Etheaides.

Each board pair consists of an analog preamplifier and aziigitboard described in more
detail below. Connection between the pairs is made with odeptane connector per crate, which
carries additionally supply voltages and RS-485 slow comioation lines.

The G-APDs used in FACT are from Hamamatsu, model S10362083(3x3 mm area,
50x50 pum pixels). The gain isFx 10° at an operation voltage of about 70 V.

3. Preamplifier board

The preamplifier boards are completely custom designed.piitse from a G-APD is passed
through a current buffer (a BFR182 transistor in base cordigan), and turned into a voltage
pulse over two parallel 39Q resistors. The signal is then passed through an operatomglifier
(OPA3691) and split into two branches, one fed into the analonming of the trigger logic, the
other into the digitizer board (see below).

The trigger is formed from a nine-fold analog sum (channals loe disabled). Cable-based
clipping is used to limit the length of the summed pulse to 40 After further amplification, a
trigger primitive is generated by a mezzanine board on tleamplifier and sent to the trigger
master over coaxial cable, which finally decides on a vaigber using an adjustable majority of
the trigger primitives. The total gain for the trigger braris 1.6 mV/pA.
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4. Digitizer board

The digitization is based on the DRS4 analog pipeline chipebtbped at PSI [2]. Each dig-
itizer board has, as the preamplifier, 36 channels, samplelDRS4 chips at 2 GHz. Read-out
of the DRS4 and the associated analog-to-digital conveutamning at 25 MHz is controlled by an
FPGA (Xilinx XC3SD3400A). The Ethernet interface is implemted with a Wiznet W5300 chip,
providing 8 TCP/IP sockets for downlinking data, one of thalso used for the command uplink.
Data transfer to the Wiznet is also controlled by the FPGA.

The singled-ended signals from the preamplifier are coesldrito differential form suitable
for the DRS4 by an input buffer. The common-mode voltage jsisadble. A voltage for the
amplitude calibration of the DRS is also fed into this bufféiming calibration of the DRS4 uses
an 250 MHz clock generated by the trigger master that is ¢@pelg coupled into one channel of
each DRS4. LEDs on the FAD allow diagnosing the basic boattsin case no communication
over TCP/IP is possible.

All DRS4 chips on all FAD boards are locked using their insrphase-locked loop to a
common frequency generated by the FTM. Precise relativegirof all channels to significantly
better than 300 ps is therefore possible after the fixed amgejitter of the DRS4 is calibrated. A
high-precision time marker, generated by the trigger maistemprinted on the analog signal, also
capacitively coupled.

The Wiznet chips of all
boards are connected to two
Gigabit switches, connected
in turn by optical fibers to the
counting house. Data satu-
rating the 100 MBit/s band-
width of the Wiznets can be
. downlinked simultaneously
04 (about 300 MByte/s).

: The achievable resolu-
5 tion is illustrated by the
T T m s m so graph with signals resulting
Time from trigger (ne) from G-APD dark counts.
The gain of the digitizing
signal branch is 1.8 mV/pA, a single avalanche has an ardglitd 7.5 mV. The double avalanche
is due to optical cross talk within one G-APD. The noise lésabout 2 mV root-mean-square, the
dynamic range extends to 2 V.
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