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SPADIC - Overview
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SPADIC - Overview

« Self-Triggered Pulse Amplification and Digitization ASIC
« Readout of CBM transition radiation detectors (TRD)
« On-Chip:

— Amplification/Shaping

— Digitization

— Signal Processing Transition Radiation Detectors

— Hit Detection

— Message Building
— Serial Output Interface
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SPADIC - Architecture
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SPADIC - Channels

Step 1: Amplification + Shaping

Continuous reset

Voltage pulses,
shaping time

ks
N- rl' I T ~ 80 ns
| —i— ——

— ::

Fast charge pulses ’
from detector (< 10ns)

'

Charge Amplifier 2nd Order Shaper
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SPADIC - Channels

Step 2: Digitization

ADC
k 9 bit (8 effective)
continuously running H‘
— @ 25 MHz (40 ns period) m— I h"“““
analog signhal from shaper digitized signal
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SPADIC - Channels

Step 3: Digital Signal Processing

3.5 stage IIR filter
16 bit internal resolution
programmable coefficients
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SPADIC - Channels

Step 4: Hit Detection & Message Building (simplified)

external trigger
** to/from neighbor channels

hit detection —» control FSM

Hhh...... f ¢ N

|
filtered signal :
input buffer | data wrapper & hit messages
WFFEil e message builder
channel ID
group ID

metadata
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SPADIC - Digital Signhal Processing




SPADIC - Digital Signal Processing

shaper output:
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SPADIC - Digital Signal Processing

amplitude

»plle-up” - ion tail cancellation

hit detection threshold

» time

hit detected hit missed
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lon Tail Cancellation

* charge pulse modelled as superposition of exponentials:

— n n
X[n] = W, g, + W, q, + W, qzn + W, qsn
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* sum of weights remains constant
* trade slow parts for faster parts
* high-pass characteristic
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SPADIC - Digital Signal Processing

1 output iggg% 7]
tail Ca nce”ation: output {12 bit resolution)
pile-up effect can be removed
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SPADIC - Digital Signal Processing

1M T T T T T - T
input

output ideal

output {12 bit resolution}

baseline fluctuations are decreased

normalized amplitude
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Quantization Error - Sources

Filter
> ADC  —— R m—-
9 bit f 16 bit 9 bit
initial truncation after conversion back
quantization error each multiplier to ADC format
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Quantization Error (1)

quantization error introduced in the filter:
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Quantization Error (2)

quantization error present before the filter:

10 F T 1 I T -]
* high-frequency content
In quantization error of ADC
5 | il (sawtooth)
* limits use of filtering (high-pass)
* more detailed analysis needed
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Latest Prototype: SPADIC vO0.3

in the lab...

2 SPADIC
Setups

Test pulses injected
| through test pulse
. generator on PCB
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Latest Prototype: SPADIC vO0.3

2 Munster's TRD chambers
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4 SPADIC Setups

...and at CERN, testbeam 2010
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SPADIC v1.0 Top-Level Layout

e

amplifier/shaper,
ADC

SRAMs

CBMnet

digital part

submitted:
November 2011
UMC 180 nm
5x5 mm?
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