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SPADIC – Overview
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The CBM Experiment

• FAIR: new accelerator at GSI
• CBM: Compressed Baryonic Matter
• fixed-target experiment at FAIR
• collide heavy ions
• explore QCD phase diagram

at high baryon densities
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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
– Hit Detection
– Message Building
– Serial Output Interface

Transition Radiation Detectors
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CBMnet

500 Mbit/s
serial

SPADIC – Architecture
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SPADIC – Channels

Step 1: Amplification + Shaping

       

Fast charge pulses
from detector (< 10ns)

Voltage pulses, 
shaping time

T ~ 80 ns
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)
Charge Amplifier 2nd Order Shaper

Continuous reset
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SPADIC – Channels

Step 2: Digitization

ADC

9 bit (8 effective)

continuously running
@ 25 MHz (40 ns period)

analog signal 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

digitized signal
from ADC

filtered signal
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SPADIC – Channels

Step 4: Hit Detection & Message Building (simplified)

filtered signal
hit messages

input buffer

hit detection

to/from neighbor channels

external trigger

control FSM

metadata

timestamp
channel ID
group ID

data wrapper &
message builder



SPADIC - Digital Signal Processing
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SPADIC - Digital Signal Processing

shaper output:

„ideal“ input pulse

with „ion tail“
(TRD, MWPC)
modelled as superposition of 
exponentials
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„pile-up“ → ion tail cancellation

SPADIC - Digital Signal Processing

hit detection threshold

hit detected hit missed
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Ion Tail Cancellation

• charge pulse modelled as superposition of exponentials:
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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

tail cancellation:
pile-up effect can be removed
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SPADIC - Digital Signal Processing

baseline fluctuations are decreased
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Quantization Error - Sources

ADC

Filter

9 bit16 bit9 bit

initial 
quantization error

truncation after 
each multiplier

conversion back 
to ADC format
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Quantization Error (1)

quantization error introduced in the filter:

t [µs]

A
D

C
 b

in
s

infinite internal resolution:
round-off error remains
uniform distribution in [-1,0]
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Quantization Error (2)

quantization error present before the filter:

• high-frequency content
in quantization error of ADC 
(sawtooth)
• limits use of filtering (high-pass)
• more detailed analysis needed



Status
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Latest Prototype: SPADIC v0.3

2 SPADIC 
Setups

Test pulses injected 
through test pulse 
generator on PCB

in the lab...
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Latest Prototype: SPADIC v0.3

2 Münster's TRD chambers

4 SPADIC Setups

Photo by David Emschermann

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

amplifier/shaper,
ADC

SRAMs

CBMnet

digital part

submitted:
November 2011
UMC 180 nm
5x5 mm²



http://spadic.uni-hd.de
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