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“Ideal Chip” Specification

Application Detector
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Front-End
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Electrical/
System 

Specifications
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X-ray

Medical
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Applications

Application

High-rate
Tracking

High-rate
Triggering

TPC

ILC …

…

X-ray

Medical

• total rate = … 25 kHz/mm2

• rate/channel = ?

• spatial resolution = 10 … 100 um

• temporal resolution = 1 .. 25 ns

• energy resolution = ?

• efficiency = 95 … 99 %
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Detectors

Detector
Technology

Parallel-Plate
Micromegas

Hole-type
GEM

Other MPGD

…

• gas gain = 103 .. 105

• signal range = 10 .. 1000 ke-

• amplitude distribution

•signal width = 5 .. 20ns
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Front-End Architecture

• Waveform sampling

• Self-triggered channel

Preamp Shaper
Signal 

processing 
+ ADC

Pipeline

other channels

other channels

ADC

Preamp
Hit 

detection

Feature 
extraction

Shaper 2

Shaper 1
Timestamp
Feature 1
Feature 2

Memory
RAM/
Analog

other channels
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Front-End Architecture

Pros Cons

Waveform sampling

•analog: APV25, Beetle
•binary: VFAT
•digital: (S)ALTRO, SVX4

• simple (relatively)
• versatile
• off-line data processing

• pile-up rejection/detection
• systematic error correction
• advanced feature 
extraction

• data rate ~ trigger rate

• high data/event
• readout time
• needs external trigger
• no zero-suppression

Self-triggered channel
Example: MSGCROC

• zero-suppression
• optimal data/event

• less versatile
• pile-up rejection 
difficult
• limited off-line 
processing

• data rate ~ event rate
• high R/O bandwidth
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Electrical Specifications

Electrical 
Specifications

Sensitivity
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Sensitivity vs. Efficiency

Sensitivity

Efficiency
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Sensitivity vs. Power

Sensitivity

Power
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Capacitive Matching

• 1/f noise dominant

• white noise dominant

• No preamplifier can provide optimum noise performance for 
every detector

( )
2

2
2

1
g

gD
fff C

CC
KAENC

+
= Dg CC =

g

gD

S

w
w C

CCLKTAENC
22

2 )(
23

8 +
=

µτ
3Dg CC =

23/11/2009 10
4th RD51 Collaboration Meeting, CERN, 

2009



Technology
CMOS scaling

• better noise performance

• lower dynamic range

• optimum technology for analog 
design appears to be around 
the 0.25um node

Digital circuits clearly benefit from 
scaling

• Smaller ADCs

• More powerful digital signal 
processing

• (Auto)calibration and error 
correction digital circuits could 
compensate the analog 
performance deficit

dynamic range

23/11/2009 11
4th RD51 Collaboration Meeting, CERN, 

2009



Features

 fast-OR, 
 variable gain, 
 variable shaping, 
 peak detection
 pile-up rejection,
 baseline restorer,
 baseline correction, 
 tail correction, 
 data compression, 
 zero suppression

Chip matrix
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From Chip Matrix to the Ideal Chip

• shaping time:  5ns .. 1us

• dynamic range:  <100fC

• power:   < 10 mW/ch (?)

• ADC accuracy: 10 bits (?)

• TDC accuracy:  1ns

…

We need an APV25 chip with variable gain and shaping time like the 
AFTER chip, dynamic range like MSGCROC, integrated fast-OR like 
Beetle, integrated ADC like SVX4, digital signal processor like ALTRO
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