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A bit of history

Power distribution in the upgraded trackers is a 
common issue for ATLAS and CMS 

ATLAS-CMS working group formed to exchange 
informations and share developments and 
measurements methods

“The scope of this working should not be (at least for the 
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“The scope of this working should not be (at least for the 
time being) the definition and design of a general common 
solution but more the circulation of information and the 
share of common blocks (e.g. blocks for designing an 
adhoc convertor or regulator). However it was felt that 
some parts of the activity would benefit a lot from a 
common definition. These are the activities dealing with the 
characterization and those dealing with environmental 
tests. It was felt that a meeting twice a year is the 
appropriate frequency.”



Last meetings

One during TWEPP08 in Naxos

One expected end January 09 at the same time as 
the SLHC-PP meeting

SLHC-PP meeting delayed to end of February very close to 
ACES
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ACES

ACES power session used instead

One last Wednesday after the power session 



Naxos and ACES agenda
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Paris agenda

TWEPP09 Paris Power Working Group 5



Main activities

Serial power

Three options for implementations

DC-DC converters

Study of commercial converters

Development of a radiation hard DC-DC
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ATLAS

No decision taken yet wrt final implementation

A lot of activity in serial power

CMS

DC-DC selected as the baseline solution

Serial power as a back-up



Serial Power
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Marc Weber



Serial power: shunt location
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Studies of the three schemes presented Tomas Tic



Distributed Shunts 

- The transient response to a step in current is superior

Response to a step in current Start-up and          shut-down

Tomas Tic
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M version working well

Tested on an ATLAS hybrid (20 ABCnext chips)

- The start-up is without difficulty

- ENC is as simulated and same as for independent powering scheme

Tomas Tic



Distributed shunts
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Shunt regulation and distribution of current per chip



SPI Chip

SPi  offers…

Shunt regulator schemes
Data communication
Power management
Monitoring/alarms
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Monitoring/alarms

Designed by

Marcel Trimpl (FNAL)
And

Mitch Newcomer (U Penn)

Richard Holt



SPI chip
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Fully tested and available

Will be used to test serial power on an ATLAS stave prototype

24 hybrids of 20 ABCnext



SPI tests with an hybrid
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Serial power: roadmap

Marc Weber summarised the progress made with serial power 
components and testing

Moving from 250nm to 130nm or lower technologies implies 
some changes

Analog power is not dominated anymore

Optimised power consumption if shunt regulators distribute the 
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Optimised power consumption if shunt regulators distribute the 
digital Vdd and if step-up switched capacitors DC-DC are included 
in the FE chips to deliver the analog power

Prototyping of blocks could start in 130nm

Very optimistic for the future and had a lot of fun working in 
the field   



DC-DC converters

Three main activities
EMC studies at the level of the system (Aragon)

Studies with commercial components (Aachen and Yale)
Radiation tolerance
EMC issues

Development of a radiation hard custom device (CERN)
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Development of a radiation hard custom device (CERN)
Chip development
Technology qualification



Commercial components(Yale)

Satish presented irradiation tests of several 
commercial devices

Optimistic that some components can be radiation 
hard enough
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Several devices tested with some ATLAS hybrids
No excess of noise



Commercial components (Yale)
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Commercial components (Aachen)

Katja Klein reminded us that the CMS baseline 
choice is DC-DC

Serial power as a back-up

Aachen developed several version of DC-DC made 
with commercial devices to study and understand 
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with commercial devices to study and understand 
EMC problems 



Commercial components (Aachen)

Conventional 
powering

Conventional 
powering

--- Conventional 
powering

--- DC-DC converter 
(AC1, 2008)

--- Conventional powering
--- DC-DC converter (AC1, 2008)
--- Conventional powering
--- DC-DC converter (AC1, 2008)
--- DC-DC converter (AC2, 2009)

Zoom onto edge channels

--- Conventional 
powering

--- DC-DC converter 
(AC1, 2008)

--- DC-DC converter 
(AC2, 2009)

TWEPP09 Paris Power Working Group 19

{

1 APV = 128 strips

25mm
19mm27mm



EMC issues for Tracker upgrade
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Fernando Arteche presented a project submitted to CMS in view of 
dealing properly and early enough with EMC issues



Development of a radiation hard DC-DC

Identification of suitable technologies
Radiation hardness

Development of an ASIC

Development of a full DC-DC converter with this 
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Development of a full DC-DC converter with this 
ASIC

Studies of different air-core inductors

Studies of different lay-out



Radiation hardness
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Federico Faccio presented the effect of radiations on different 
technologies



Radiation issues
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Very promising results as two technologies seem usable

SEU still to be measured



Development of a custom ASIC

Stefano Michelis presented the development of 
three ASICs

Two in 0.35µ technology (tested): AMIS1 and 2

One in 0.25µ technology (back from foundry this week)

Satisfactory results with AMIS2 in terms of 
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Satisfactory results with AMIS2 in terms of 
efficiency and radiation hardness

Although the transistors are not the most hard, the 
efficiency drops of less than 10% after the total expected 
dose

Efficiency limited by bonding wires resistance 



AMIS2
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AMIS2
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Tests with ATLAS modules

No excess 
of noise 
with two 
types of 
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Georges Blanchot presented the EMC measurements made with a 
complete DC-DC made with the custom chips 

types of 
hybrids



Tests with ATLAS modules

Some excess 
of noise in 
some 
channels 
when the 
converter is 
close to the 
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Requires more detailed work but suspicion that there is some 
coupling through the closed bonding wires  

close to the 
module



DC-DC roadmap

Federico Faccio summarised the last year work
Several technologies tested against radiation

Two valid candidates

Second prototype in 0.35µ and new prototype in very 
promising 0.25µ

Full DC-DC modules constructed and very good 
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Full DC-DC modules constructed and very good 
measurements with existing modules and hybrids

Radiated noise still to be optimised



DC-DC work program
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CMS willing to use such converters for their phase 1 pixel upgrade



Conclusion (1)

The two options have made impressive progress during the past year

Still some work to be done for both to implement all the necessary 
tools for a safe use on detector

Switching on-off

Protection
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Both solutions must be validated on a reasonably large scale device

The 1.2m long double sided ATLAS stave prototype would be a good test 
vehicule

ATLAS will have to select a solution after that stage 

Performance

System issues

…



Conclusion (2)

The working group as a place for information exchange is very 
useful

Having them during larger events (TWEPP or ACES) has interest 
but we are missing time for discussion

Necessary to organise a 1-day separate workshop 
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Necessary to organise a 1-day separate workshop 

Date to be defined but could be as soon as new relevants results 
are available

Test of an ATLAS stavelet

Test of the DC-DC in 0.25


