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The AT-TPC detector
‣ Cylindrical Time 

Projection Chamber 

‣ Mosaic of 10,240 pads 

‣ Time projection 
implies whole traces 
recorded on each pad 

‣ Analog memory 
(Switched Capacitor 
Array) the most cost 
effective 

‣ Data throughput very 
large
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GET electronics
‣ General Electronics for 

TPCs 

‣ AGET ASIC: 64 x 512 deep 
SCA with discriminators 

‣ AsAd Front-end: 256 
channels with serial ADC 

‣ CoBo Back-end: 1024 
channels to 1 Gbit Ethernet 

‣ Mutant: trigger and time 
stamp arbiter 

‣ CEA/Saclay, CENBG/
Bordeaux, GANIL/Caen, 
NSCL/MSU
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AGET ASIC chip
‣ Analog memory based on SCA 512 samples deep 

‣ Can run from 1 MHz to 100 MHz sampling frequency 

‣ Each channel equipped with shaper and discriminator 

‣ Multiplicity 
trigger 

‣ Sum of 
discriminators 
fed to ADC 
during SCA 
write phase
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1.1 AGET general description 
 

The AGET chip has 64 channels (Fig. 2), each one is connected to a 
detector pad. A channel integrates mainly: a charge sensitive preamplifier, an 
analogue filter (shaper), a discriminator for trigger building and a 512-sample 
analog memory.  
 The charge sensitive preamplifier (CSA) has variable gain to support the 
dynamic range of 120 fC to 10 pC. This gain is adjusted per channel, by selecting 
one of the four CSA feedback capacitors (ASIC Slow Control).  
 The analog filter is formed by Pole Zero Cancellation stage followed by a 2-
complex pole Sallen-Key low pass filter. The peaking time of the global filter is 
selectable among several values (16 values) in the range of 50 ns to 1 µs. The 
filtered signal is sent to the analog memory and discriminator inputs. 

The memory is based on a Switched Capacitor Array structure (SCA) and 
used as a 512 cell-depth circular buffer, in which the analog signal coming out 
from the shaper is continuously sampled and stored. The sampling frequency can 
be set from 1 MHz to 100 MHz to match with the various drift velocities of the 
chambers. The sampler is stopped on an external trigger decision. In the read out 
phase, the analogue data will be, in time domain, multiplexed toward a single 
output and sent to the external 12-bit ADC at the readout frequency range of 25 
MHz. There are three different modes for the read out of the SCA channels: all the 
channels, hit channels or specific channels. In conjunction with this channel 
readout mode, it will be possible to read the SCA according to a predefined 
number of analog cells (1 to 512). 

 
 

Fig. 2: Block diagram of the AGET chip. 
 

The filtered signal, through a differential gain stage, is compared at the 
discriminator block to a programmable threshold value (7-bit DAC + 1 polarity bit). 
This value is set by 2 internal programmable DACs. The 4 bits of the first one, 
common to the 64 channels, define the 3 MSB bits of the threshold value and the 
polarity of the input signal. The second DAC is attached to the channel and 
defines the 4 LSB bits of the threshold value. If the signal crosses the threshold, 
the discriminator output signal sets the hit channel register to an active level and 
forms with the 63 others discriminator signals a multiplicity signal (analogical sum) 
with a defined value or not (ToT). During the SCA writing phase, this signal is 
continuously digitizing by the same external 12-bit ADC and analyzed on line to 
build a trigger signal.  

The output signal of the discriminator sets a temporary register during a 
programmable time defined by the address column pointer of the SCA (“0”, “128”, 
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CoBo (Concentration Board)
‣ Collect and compress 

data from 1024 channels 

‣ Built around Virtex5 FPGA 
with embedded PPC cores 

‣ 256 Mbytes on-board 
buffer memory 

‣ µTCA format with 1 Gbit 
Ethernet back plane 

‣ Can instrument 10,000 
channels in a single crate

National Superconducting Cyclotron Laboratory 

CoBo HW Block Diagram 

1/14/2013 Abu-Nimeh 6 



D. Bazin, FRIB DAQ Workshop, ANL July 29-30, 2015

AT-TPC setup: 10,240 channels
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Data flow architecture
‣ Each CoBo paired to a local computer and hard disk 

‣ Parallel writing of data to optimize throughput

CoBo 0 
Multiplicity OUT 

Busy OUT 
Trigger IN

Mac 0 
Narval

10 Gbit network switch

µTCA Ethernet backplane

CoBo 1 
Multiplicity OUT 

Busy OUT 
Trigger IN

Mac1 
Narval

CoBo 9 
Multiplicity OUT 

Busy OUT 
Trigger IN

Mac 9 
Narval

MCH 10 Gbit (fiber)

…

…

Each 1 Gbit (copper)

Each 1 Gbit (copper)

Control computer 
Narval 

ECC Server

Boot computer 
DHCP - DNS Server 

NFS Server
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DAQ system
‣ Narval developed at GANIL (also used on AGATA)
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Graphical trigger definition
‣ Define pad regions with 

different trigger 
attributes 

‣ Example shows 
configuration for elastic 
scattering 

‣ More complex pattern 
triggering configurations 
could be programmed 

‣ MuTanT should allow 
more complex logic 
combinations
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Example of on-line event display
‣ Pile-up rejection thanks to time-position correlation

7° tilt creates 
time-position 
correlation


