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S-ALTRO
integration and system level studies
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Outline

• status of S-ALTRO development – short 
summary
(see Paul’s talk in “Special session on microelectronics 
developments within EUDET (NA2)” for details)

• Read-out backplane studies

• Plans/Outlook
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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: ...
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(a) Spread in peaking time.
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(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

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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courtesy of Hugo França Santos
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ADC prototype – test
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@ 40 MS/s

power [mW]

FOM =
Power

2ENOB × fclk

design value
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Read-out backplane

7

courtesy of Antoine Junique



pageEUDET Annual Meeting 2009, JRA2: TPC task – 19.10.2009 – Magnus Mager 

Pads
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Dimensions & Layout
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Layer stack-up
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Power distribution
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DIGITAL PWR PLANE

ANALOGUE PWR PLANE

S_ALTRO chips
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Signal routing
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1 2

34

Lines length

Shortest : 0.8 mm

Longest : 10 mm
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Close-up view
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Close-up view II
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Plans

• Adopt design to real geometry, in particular:

• non-quadratic shape of chamber

• mounting margins 

• Understand heat production and cooling

• 40mW/ch

• Power pulsing

• FPGA prototype by Japanese group
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