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The AliVATA DAQ system
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The AliVATA system
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- PET Probes for PET SPECT/Compton Hadron Therapy
Scint/SiPM High Res. Silicon Silicon Silicon Hodoscope Compton Telescope

Silicon Scint/SiPM

A DAQ system that could handle all of their different setups and sensor types was needed
The AliVata system was born from a collaboration with ALIBAVA & IRIS @ IFIC
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Needs: SPECT/Compton camera

Stack of silicon pad detectors
for a SPECT/Compton camera.

2 ASICS per plane
1 Trigger per plane
1 data stream per plane

ALIBAVA

The AliVATA system

Need to

1. timestamp for event
building,

2. Handle multiple data
streams.
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Needs: PET probe & Small Animal PET

Yet another stack of silicon pad
detectors for a PET probe

8 ASICS per plane
1 Trigger per plane
1 data stream per plane.

ALIBAVA

The AliVATA system

Need to

1. timestamp for event
building,

2. Handle a large number of
chips per data stream

3. Handle multiple data
streams.
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Needs: Hadron therapy monitoring

A stack of Scintillarors+SiPM
for a Compton Telescope to
monitor hadron therapy.

ALIBAVA

1 ASIC per plane
1 Trigger per plane
2 data stream per plane

Need to:

The AliVATA system

1. Timestamping for
coincidence building

Different Sensor, different
range
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The idea behind

VRN

Need a system
which is

N S

ALIBAVA
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Simple and Compact
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Modular and Can handle different
Scalable sensor types
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The system mother board

ALIBAVA

(9)

2 The main intelligence is in a mother

board that communicates to

The AliVATA system

1. acomputer (ethernet) that
programs and receives data

2. The detectors
3. Handles the trigger

(9)

(9) It has I/O connectors for trigger and
monitoring.

= [a2] [03] The brain is an FPGA (Spartan 6).
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The mother board
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ALIBAVA
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start stop
Coarse clk *

Trigger J |

phase cross

slow clk

fast clk

The Embedded TDC

A Vernier TDC embedded in the FPGA

Implemented with 2 fast clocks with very
similar frequency. The difference between
periods gives the resolution.

Requires manual (and smart) routing in the
FPGA.

Same concept on a Spartan 3 gave 250ps
resolution. Not yet tested on the Spartan 6
firmware but expect much better timing
resolution.
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The system: the daughter board
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1] The sensor (1) is connected to the read out ASICs (2)
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§ Sensors and
s readout
P ¢ ¢ ASICS can be

q 000 different.
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The input/output plus voltages go through connector (5)
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The system: the read out ASICs
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1]
:I The system works with the assumption that the ASICs
< 1. Produce a multiplexed output (rather than parallel)
_ 2. Chip I/O can be daisy-chained (3/4)
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The system: the read out ASICs

The system works with the assumption that the ASICs

1. Produce a multiplexed output (rather than parallel)
2. Chip I/O can be daisy-chained (3/4)

GP7:

128 ch.
500 ns peak time
Range: + 30fC

GPS8:

128 ch.
500 ns peak time
Range: 1—-125 fC

The IDEAS VATA family work like this and have been used in first prototypes

HDR16: (SiPM)

64 ch.
100 ns peak time
Range: ~ 20 pC

#H RDS0 workshop November 2017

12



The system: the read out ASICs
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1]
:I The system works with the assumption that the ASICs
< 1. Produce a multiplexed output (rather than parallel)
: 2. Chip I/O can be daisy-chained (3/4)
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The system
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1] The system allows for 4 data streams per MB and up to 16 chips per data stream.
4 Streams can come from any detector type. Data is time stamped to allow for event building
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ALIBAVA
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The whole System

The idea behind is a scalable system. With
no limitations in channel number nor

number of detector boards or types
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ALIBAVA

The AliVATA system

b

INSTITUT DE FISIC a2
CORPUSCULAR NeslolTTY

Spectroscopy with silicon

Spectrum induced by 133Ba
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Newer applications: Microdosimetry

< n
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:I ) Microdosimetry (cell volume) important to characterize hadron therapy for cancer.
<. The 3D microdosimeters designed at CNM-IMB are the first and only or their kind.
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Newer applications: Microdosimetry

<
> A
1]
:I Microdosimetry (cell volume) important to characterize hadron therapy for cancer.
< The 3D microdosimeters designed at CNM-IMB are the first and only or their kind.
S
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Array of 121 cells, ~5 um thick, 200 um pitch
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The sensor card
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First AliVATA for Microdosimeters

Desktop power
adapter
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Flat cables Bl 4930000000 S

Daughter Board

Mother Board




ALIBAVA

The AliVATA system

s ;

Summary

v’ ALIVATA readout system for spectroscopy
-> Several detector types (Silicon strips, pads or pixels, SiPM, etc.)
-> Self-trigger
- Time stamping

-> Really scalable (with the IDEAS GP7 chip, up to 8192 channels per
motherboard)
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ALIBAVA
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The mother board

Desktop power Aux. power
adapter connector connector

Cal pulse
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Linearity

g

>

g 54.3 V

m 25000

] 20000 . Ba}rrlo et- al, to be
= . flx) = 13.96x - 206.07 published in NIMA.

S 15000

e x 10000

g g

> 5000

<C

< 0

'j: 0 200 400 600 800 1000 1200 1400 1600

é Energy (keV) Na22 spectrum

¥2/ ndf =29.06/ 16
Constant 658.3 +10.3
Mean 511.1+£0.2
Sigma  12.92+0.16

Linearity tested with a >3Eu point-like source. s
Linear up to ~1500 keV. 400

I\I‘IIJI‘\I\||JI\I|

300

ENERGY RESOLUTION
5.9% @ 511 keV :

| L L il L L I L 1 l Il
400 600 800 1000 1200 1400
Energy (keV)

]
(7}
(5]
~
O<
24
[2f=)
Ho
55
=
[=f-4
%o
Z0

RD50 workshop November 2017 23



The intermediate board
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:I This is an auxiliary board that might be needed to adapt the input/output of
g the detector and motherboard.
It can be just a passive board or an “intelligent” board, anything you need
§ to connect the detector board to the mother board.
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