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S-ALTRO
Summary of prototypes and design plans
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Outline

• Amplifier (PCA-16) – short summary

• ADC (2 channel prototype) – preliminary 
results (courtesy of Hugo França)

• S-ALTRO 16 channel demonstrator – 
design/planning
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S-ALTRO design – 
current status

Chapter 1

Overview and Scope
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Figure 1.1: The ALTRO chip. An overview.

The S-ALTRO is a multi-purpose charge-amplifying, digitising, processing and read-out chip.
It is designed for time projecting chambers (TPCs), but has applications in other high energy
physics (HEP) detectors that have to sample charge signals as well.

It is a further development of its predecessor, the ALTRO1 chip. Although it inherits its main
features, the architecture is much more flexible and further functionality is added.

One S-ALTRO consist out of 64 complete signal acquisition lines (channels) that are run in
parallel. They are logically arranged as a grid and interconnected as such. This allows for a
three-dimensional approach for zero-suppression and the search for “physical pulses”, i. e. a much
more effective glitch rejection (see section 4.5).

A single read-out channel is comprised of three basic functional parts (Fig. 1.1): a charge
sensitive amplifier (CSA); a 10-bit 40 MSPS ADC; a digital circuit that contains a filter for signal
interpolation and noise reduction, the baseline correction and zero suppression and a multiple-
event acquisition memory (MEB). Data are further compressed before being shipped off chip by
a circuit common to all channels.

1.1 Target applications

The S-ALTRO is designed to read-out TPCs. This document focuses on four applications: ILC,
CLIC, LHC and FAIR (listed with their relevant parameters in Tab. 1.1).

1ALTRO: ...

3 of 41

PCA
-16

2-channel 

prototype

existing

ALTRO design

(will change)

3



LCTPC collaboration meeting –  22.09.2009 – Magnus Mager page

PCA-16
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(a) Spread in peaking time.

ns120906030

27 mV/fC

19 mV/fC

15 mV/fC
12 mV/fC

channel

p
u
ls

h
ei

gh
t

A
(a

.U
.)

14121086420

0

-100

-200

-300

-400

-500

-600

-700

(b) Spread in signal height.

Figure 2: The parameter spread for different settings of peaking time and amplication gain. The
shown errorbars display the RMS spread of the deduced parameters of around 100 events.
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Figure 2: The parameter spread for different settings of peaking time and amplication gain. The
shown errorbars display the RMS spread of the deduced parameters of around 100 events.
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• CMOS 130 nm

• 0.2 mm2/channel

• < 8 mW/channel

• <1mW in standby

• works according 
specifications

• is already in use (e.g. at 
DESY)
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ADC prototype – design

Single ADC area: 1.57 X 0.45 = 0.7 mm2                     Prototype area: 2.35 X 1.6 = 3.76 mm2
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ADC prototype – arrival
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ADC prototype – real
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ADC prototype – test
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ADC prototype – test II
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Dynamic Performance at 40MS/s  

PARAMETER
INPUT 

FREQUENCY ADC1 ADC2 LOOP UNIT

Effective Number of Bits (ENOB)

1.0071MHz 9.07 8.95 9.70

Bits

4.9988MHz 8.90 8.91 9.60
9.9915MHz 8.79 8.80 9.30

14.9841MHz 8.68 8.70 9.10
17.9993MHz 8.51 8.67 8.94
19.9890MHz 8.34 8.63 8.90

Signal to noise and distortion 
ratio (SINAD)

1.0071MHz 56.33 55.63  

dB

4.9988MHz 55.32 55.41  
9.9915MHz 54.68 54.71  

14.9841MHz 54.00 54.14  
17.9993MHz 52.98 53.97  
19.9890MHz 51.96 53.70  

Spurious free dynamic range 
(SFDR)

1.0071MHz -75.03 -74.08  

dB

4.9988MHz -71.12 -69.94  
9.9915MHz -64.78 -68.74  

14.9841MHz -61.13 -72.25  
17.9993MHz -58.89 -66.34  
19.9890MHz -56.89 -68.06  

Total Harmonic Distortion (THD)

1.0071MHz -69.66 -70.73 -73.00

dB

4.9988MHz -63.12 -66.90 -71.00
9.9915MHz -64.44 -65.65 -68.80

14.9841MHz -67.57 -69.26 -66.50
17.9993MHz -62.01 -64.66 -66.40
19.9890MHz -60.87 -65.69 -70.00
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@ 40 MS/s

power [mW]

FOM =
Power

2ENOB × fclk

design value

ADC prototype – summary II
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Digital processor

• Using the ALTRO digital processor for 
demonstrator (migrated to 130 nm and 
slightly modified)

• Advantages are:

• easy benchmarking using real FECs in real 
set-ups/experiments

• focus on key-issue: integration of charge 
sensitive amplifier and ADC
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Plans

• Submission of 16 channel prototype 
beginning of 2010

• Characterisation (including mounting onto 
FECs) in summer 2010

• Detailed review of critical parameters 
(sampling rate, shaping time, etc.)

• Design of the 64-channel chip as of fall 
2010
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